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Basic Design of Deep Subsea Manifold Frame Structure
for Oil Production

Se-Yung Park and Joonmo Choung
"Department of Naval Architecture and Ocean Engineering, Inha University, Incheon, Republic of Korea

KEY WORDS: Subsea manifold 41314 "j1ZE, Manifold frame "iU&ZE Z# ), Basic design 7] 47|, Burocode 3 Fr2ZE 3,

Unity check frHE HE

ABSTRACT: Amanifold is one of the essential subsea oil and gas production components to simplify the subsea production layout. It collects the
production fluid from a couple of wellheads, transfers it to onshore or offshore storage platforms, and even accommodates water and gas injection
flowlines. This paper presents the basic design procedure for a manifold frame structure with novel structural verification using in-house unity
check codes. Loads and load cases for the design of an SIL 3 class-manifold are established from a survey of relevant industrial codes. The basic
design of the manifold frame is developed based on simple load considerations such as the self weights of the manifold frame and pipeline system.
In-house software with Eurocode 3 embedded, called INHA-SOLVER, makes it possible to carry out code checks on the yield and buckling unities.
This paper finally proves that the new design of the manifold frame structure is effective to resist a permanent and environment load, and the
in-house code is also adaptively combined with the commercial finite element code Nastran.

.M B

AA AT AL 7k} IR Ed=3 2E AT =
7t A 8] oqA] a7t A2 o s Frigtel whet U B 7t
2ol tigk Fwo] S/} dldETBDI, 2014). H AlY 7k
(Shale gas)® <late] A A 7HA o] WFA o] FohHT 8t
Hete 4712 BA A 8 7k=e] FFo] 200 vst

B3t Af 7HE 9] Aol dSEnh dlF mAE A
AL BARER] XE BES Edste] HAA wiEe] of
73%E AAsHE Aoz HuEI k. FE7|AQA BR A
el dleF el o] A5t 2 Aow JSdnh

g FRE AsiA F3 NEe flsiAe &9 SURF
(subsea umbilical riser and flowline)2}3. B]= Al Th
ofvje}t “dF(Wellhead), " EE(Manifold) s 22 4 7]
AR o] AFA =& A4, AR, G 7IE0] Al 27E
B =2 oFolA AHalE miuEs=e] =Z#HY FZ(Frame

structure)®l] th3k 71 & AAE TPt HFE AHskE AS
o= . dyE=s A AT o] FFERE
Ak FAE sk w3 A" (Pipe system)olth wiUZE
Zof Fatd A4 FA(Produced fluid)E w13/ (Pipeline) =
Bt SAZ o]FH AU, oA (Riser)E T3k el i
sk A7 EF olsHTh MUEEE A A9 et o
g ok ollzt ¢ fAl(Injection fluid)e] #7174 (Branch
point) G&& FPgrh F vfUFE=E A A A=EES T
a3}st7] 913k siq Anjolnt

UZE=o] #Ag T AT =i 7Y FHE vk glon,
e AT FFES HAMEY, Wang et al(2012)2} Wang et
al.(2014)= AXH] A7 S A A AT 9 F22H =y
ZE(Cluster manifold) 2] Mi*X& HZ|slet= A7 s vt
AARE, UZ= o] v vz HZ s viyEE <
T2 A SOl U A7t TFHAE BT Lee et
al.(2014)2 WU Z= w3 AxEle] A %o e o
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3, X121 E(Erosion rate) 5& TAHO2 AAE]| %= ST

@B JP KennyAH2| Kirkbride et al.(1994)-2 871¢] A4t A5
2 370e] Y HFE F49 Nelson -7 (Nelson fields)ell 4
Aet7] 91k A muZ =] wid HA5 9 zyY 7= A
Al H8e AT T THE WELE2A FARANE 4T
3] FAL MUEEATE B F A oY - e FUE
o gRE AdE FAE R Fe AS FY tiedinolZt &
t}h. Robinson(2003) 371¢] 142 ZRAE-S tie-indte] F7E
A FAE SR o)Fatr] 91T 48AX =UE 7739 Hf
# RIS % MU Z=E AU AlEE AABIE ST
Ribeiro(2006)2 i 541 1900mel Axd mMiUgE=9e] 72 4
A AL Asdch vivEE Zyd 72= B HY =
FHE BE o]&sto] A|2kE7] wjZoll SACS (Bentley, 2014) 2k
2o BN Hg 2R OE o] gshst] Hlete o]Ee W&
e 84 T2 Ansys (Ansys, 2010)5 ©]-&3te] 1 3|
A B A 7= XS sk

B =82 4 3,000me] Alsfel A - 200,000 wiEe] A
£ AJA¥etal SIL 3 (safety integrity level 3)9] b A &E 7}t
A MyEE 2y 7 AAE FRE Itk wjUZEE v
F3 tiE] AlsiA s SujellA] A, A4 A ARl
BA 7] Wi B =iolsls miuE=e] B4 thste] A
g Zlo|t}. ol mij Al2’lS tido R 3akd 72 A 1
T2 & A3 33 A% 84 2dS AT Aot A
7b edEE s el BT Qe Tt s Z3ete
e A4S A, °1F 78 24 mdd F4d Zlot &
A de #7324 da Z2aE 088 7% ULS (ultimate
limit state)oll th&F -4 FH = Z E(Unity check)7t @UH 02
E7lsd 2oz 4EA gtk 28y B =RoAe Fule) =
Aol A 717 de] AHEE I 9= Nastrans o83t wWiu&
= 2y ¢ FA 2gshs HEe et A Ak A
A= HAE FE=2l INHA-SOLVERE: o] &3l 2A) kz= 7
EZ 7Y% Zloth

2. DjL|ZE=0| 3

2.1 o4 SBE9 EF

fUZE== FH2HY(Cluster type) ®E3 F(Template
type) &2 EFEh ST 2HE MUEEE 49 E(Tree) =
£ g2k E(Christmas tree)2ta B2l AT WHE Al
Es}t fiyZ = o] ME FH3olth. 5 ¥ (Jumper)E ©]
&5t Eglet S2l2F mjuEsy 29k S8 2F wy
ZoE Ul AFE U 5 e Aol AT, v B
WB Alzglo] Babste] AR @o] AtkFig. 1-(a)
). 228 yZ=s 2 e Ert iiyEse) A=
AXE 27178 23 FRAT §A4 8 BerE dJeld A
7 ek =3 HZEE iiyE=s FFelol AAHe 5
7 oldel BFE Fuket] ol tiAl miuZ = B 7x
& T F oA FHOE dsta fAHFA 0] ol
sith £ =ioAe 85 A7E I F< 7HeE2RY AF
e wjl A wi A AR AT AS st SH2HE v

ZEE e AAsich

22 ojuE=e] 7Y

MUEEs A 74 B FY FAE olE/Alolshs wid
A, e, Ao7] o= FAHM, o)F AR 2 TR
WS FZ(Protective structure)®} M- F-Z(Bottom structure)
E= B o]~ FZ(Interface structure) 2 TAHTE E3F 8F
5 725 sAE 28 E 5 e AL (Pile) 2L 7= TF=
(Foundation structure) = WlUZX9] F9 FAFo|c) T3 v
3 T2 oPol] o3 3(Snag load), HsHA 4 st
(Dropped object impact load) 3 ] 7]1X] & stz A
OEF dAF oo} gt £ =FolAs vuEse =49 72
AAE HXZ st 9o, 7% F=xd g ATE FE FA
2 49 Zotk

(@) Cluster manifold

Fig. 1 Types of subsea manifolds

(b) Template manifold
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Protect structure

]

Bonds

. ¢ Bottom structure

<= Interface structure

<= Foundation structure

Fig. 2 Components of subsea manifolds

2.3 i E= MAE 25t 2

Bai and Bai(2010)2 43iA /i Bl A4ES S5t AHEHE
74 e FAE, oA, A BRE 58 EEF o= AA
stk MiyE= Ze o] AAE HlalA API RP 2A-WSD ¢
7 T4 (APL, 2000)& ©]-8-3kaL 9t API RP 2A-WSD #% f
Z(AP], 2000)> 1A% A FHAE EE FH2 FHAF BE
T2 HE&HE FH HA|(Tubular member)] 7%= AAE
A @A ot} Hhd dlyZ =9 AHS 9)siME AWS D11
(AWS, 2000)E &85ttt

API RP 17P (AP, 2013)ol| A= vy E =0 tigh 753l 1
Y AR AAZ SHe] e AR, AlRe] At siA A
2 ggth 24 skEEL MuE =9 A,
E2E Aol s wiyE=el IS T
S aEalor gtk myEsst /A
e dYgelx S ARE AEo R #
ZE9| 8 FoA AT F e 283}
U] Al2’lS RbHsHA BEd 5 Q=
b g7} raEofof gtk 53] AlastEell=
ofF F4, HFeteol o F4, g A A Fol
API RP 17D (API, 2011) ol &JAZ A2 3AolA 1k
Q1<F 21 (Lifting lug) % ©]el| ©
2 FF FAZ =92 Aot =3
HAo2BE B35l 9t 34
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HAE dEe] AS AR dFdte ol diF 1=

kA 3Tt

4 Ko 2 %ot 30 2 ofN ox 3O @t Ho of

3. OLEE =3|e] 2= 7|2 MA|

3.1 &= M LEt
fUZ= Z ¢ A Al AFZEY @S S3ho] dEyH

TE dstd 7 94 FHROV, remote operation
vehicle) o] 4 B Zd/Ado] §o] FREF=S A Fofof g
. MYZE=E AlFtets oA Y] s = Qlske] Hf
gl Ao AlzEle] HAy LS WallskA] FEF AA sl ok
Sl a8)a S 7 == QIEH o)

9]

Hets MUEE 4% 49T 5 9

32 HiEM HE

yZ=e] g i ij#s Bodtal ARehe dES
Tt wjdde] A A o] WMEshE miuyEE ZEgle
T2 3k A Mol B a3ttt Fig 3 £ iUz = F54d

£ Fste 71RO ZHE AFe He g @] wixE
RojEh widde g JHe F uiesd 3709 2] wiHo R o]
FoAUT F wjAell= 1004 +42] & WH(Ball valve) 37}
7 AR=e|9la, 7] widels 6)1A 1A = WH(Ball
valve) & 70| w3 wieh 2704 & 6707F Ao ok i
Zh W o] el MBS T5A7)7] 913 fr947](Hydraulic
actuator) 7} 22+ A2 = o] ok £7] viHE FujH-E 7Eo R
#Z5ol 27) 183l 950 IR W oA el T2 AMEshe
7] MjEe 29-Z 3 4o widelth 50 A7 &) v
S MUEE 25 Foll HAI7E DAEAS vl AR ] g il
Hoz Ak A Aol 83 Y=

3.3 7= 7|2 MAl

Wi 2] TREe S PRIl FR)0l ofs
o) AXH I BEG} FYIE Fo] 27) whio] o|& FE3
AANG 5 S i TR SAHOR AAT Bart ok
ol% 9l8te] B =RolAt vz AzHold Be FEHL AR

lBranch pipe valve: 21kN

l Header pipe valve: 28kN

Fig. 3 Pipeline layout and support loads
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Fig. 4 Basic structure design of manifold frame structure

s WoE AXHo AW, Fg 3ol ek vish o)
W Aol Age] s Fxol AgEtkn 1S, o
714 W A2E9] F oAl 210kNe) ek

o 3% e A2Y HRE WRoR FANE B3tol 3
B pxe] 38 A A58 AYAAL, 9 AN e A
28 mASel BE TR ¥4 ARSAN P TR

Table 1 Load cases by installation and operation steps

F8 A Ags s 72 F8 A At sdsina vt
gttt 23, MiyZ= ZgYd2 Aol 85m, F 82m, 0]
40m=Z AN, o) oF 58tone] FAl| A-&3Th(Fig 4

22).
zHd 72 T FAo] AAE A ZokellA Bl A
5= 97421 ASTM A131 Grade A (MatWeb, 2013)E A=)}

St F2 A FAe om AR A8 ARE 28k H-
%%L(H—proﬁle),o_i AARSH wE olokEo] 2Ll 437
7% FAolE FH-P7H(Tubular profile) s 2831tk AHg
g BAlo] x4 AP og Aug MB el nig HAS 117
ste]  FujollAl Aike] ThHed A EETAC]
4007400 H-@74-= AHg-stslom, 72§74 (Tubular profile)&-
H-37¢] 2715 32iste] 430mmx15mm(9 =57 E Ae-
ataact.

Z =) 2~
TH AF

4 TE M 2B

41 1= =A

411 3sk5 =71 Q9F

A g MUEEE A7 5 24X, 39 Dol we o
okt st 5o =3S aEslor vk DNV RP HI103
(DNV, 2011 MU Z=E v5gt Zk5 AsiA Ao 7+ v
3 ARFEl thiate] S Z]Edith B oAM= olE

Step

Load case

Load component

Load value

Remark

1. Lifting in air

Permanent case

Frame weight

57.75 ton

Design weight of manifold frame in air

Pipe system weight 210 kN Design weight of pipe system in air
Environmental case Wind force 0.04 N/mm Line load based 10m/s of wind speed
2. Lifting in half Permanent case Frame weight 53.02 ton Design weight of manifold frame in half submersion
submersion Added mass 8199 kg/m’  Formulas in DNV RP C205
Pipe system weight 198 ton Design weight of pipe system in half submersion
Environmental case Wind force 0.04 N/mm Line load based 10m/s of wind speed
Wave force 366 N/mm Line load based on deep water Airy wave theory
Current force 1312 N/mm Line load based on assumed current speed of 2m/s
3. Lifting in full Permanent case Frame weight 50.21 ton Design weight of manifold frame in full submersion
submersion Added mass 8199 kg/m’ Formulas in DNV RP C205
Pipe system weight 180 kN Design weight of pipe system in full submersion
Environmental case Wave force 366 N/mm Line load based on deep water Airy wave theory
Current force 1312 N/mm Line load based on assumed current speed of 2m/s
4. Deep water Permanent case Frame weight 50.21 ton Design weight of manifold frame in full submersion
lowering Added mass 8199 kg/m’ Formulas in DNV RP C205
Pipe system weight 180 kN Design weight of pipe system in full submersion
Environmental case Current force 1312 N/mm Line load based on assumed current speed of 2m/s
5. Normal Permanent case Frame weight 50.21 ton Design weight of manifold frame in full submersion
operation Pipe system weight 180 kN Design weight of pipe system in full submersion
Environmental case Current force 1312 N/mm Line load based on assumed current speed of 2m/s




SERIDER

Hzste] UEES SFATE o] ol 277K o] AR
WS & 5w BRsle] 2 9 4 sEw ohE A B
AT 7 wAE sk =3 olo] a7HE 3 4Ee
Table 161 VERAZIT,

412 A% 3%

Aedd viel o] AL 37 F(In air), WHE(In half
submersion), ¢H% Z<F(In full submersion)?} 22 3] w}
2} o2/ g UZEES AXske 3 T iuEse
T PN E= Al sl HAO Q7 ke AR
(Added mass)E 3o Fot. Frb AFe MfuE=e] F
FAE S7H71H, AA] gAlolA J= ofe] gl T FH -z
o B2 9Fe vAA o Wk AFE fA HASEe
Ao @43 A7]e wet WEA o, ¥ =&ollAs DNV
RP C205 (DNV, 2010)E ©|-&3te] Hrl AeFs AHgstgnh
oA71A Frbe ARE Ade] A3 dHe] 32 HEYS
Zhekete] A-F 1) (Aspect ratio)7} F-&+3] AoJA B4 ATt 7t
2 1.0e 7 uZ= Zdde] A
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Table 2 Boundary condition for each load step

Step Boundary condition
1. Lifting in air T, = 0 at four lifting points
2. Lifting in half submersion T, = 0 at four lifting points
3. Lifting in full submersion T, = 0 at four lifting points
4. Deep water lowering T, = 0 at four lifting points
5. Normal operation T,=1, =17 =R = R = R =0 at foundation points

ST )

(a) Isometric view (b) Plan view

(c) Side view (d) Front view

B
(

f) Load and boundary conditions for Step 5

(e) Load and boundary conditions for Step 3

Fig. 5 Finite element model of manifold frame structure
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HYPERWORKS & NASTRAN

|
A \i

BDF PCH
(bulk data file) (punch file)

| |
|

INHA-SOLVER
Module PREP

YCD JCD
(yield check data) (joint can data)

INHA- SOLVER
Module MAIN

/ / Jomt can umty) /

IN HA-SOLVER
Module JRPT

/L

YCU
(yield check unity)

INHA-SOLVER
Module YRPT

Fig. 6 Flow chart for INHA-SOLVER

el A ti 32 g B tid fUE HEV} 71sils
2 7)E 9t} INHA-SOLVERE Nastran . 2HE 4o 2
&4 A3 592 PCH (punch file)FE 7zt @49 @49S
FAHoz 4H4Y3tal Nastran 2 31Ul BDF (bulk data
file) ZHE 3 7o) HAE o] F1 & thee 845 HAR
9148h= Ax]2] ZE(Module PREP)S 2t itk PREPS
ol g3t & 9 HEF HEES 93 4 U YCD (yield

© Offshore Plant Codes(Tubular Section)

Oftshore Wind Turhine Codes

Cancel

[v] Partial Safety Factor 1,15

B0 INHA SOLVER Wl =@ % Bl INHA SOLVER WEE || o B R
PREP [MAIN | [PREP | MAIN |
Solver & File Selection Select the File Format
@ Nastran Abaqus Ansys 9 YCD © JCD
Solver Input File Select the File
Solver Result File .pch .YCD File,.,
Code Selection
@ Offshore Plant Codes(General Section) EC3 v

(@) Module PREP
Fig. 7 INHA-SOLVER modules

(b) Module MAIN
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(@) Section class
Fig. 8 Result visualization using INHA-SOLVER

Table 3 Summary of unity checks

Step Max. unity Max. unity component Location
1. Lifting in air 0.12 Combined yielding due to tension and bending Member ID 70
2. Lifting in half submersion 0.14 Combined yielding due to compression and bending Member ID 50
3. Lifting in full submersion 0.14 Combined yielding due to compression and bending Member ID 50
4. Deep water lowering 0.11 Combined yielding due to compression and bending Member ID 70
5. Normal operation 0.13 Combined yielding due to compression and bending Member ID 55

(a) Step 1

" Member ID: 50

(b) Step 3

Fig. 9 Result of deformations with maximum unity locations
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Theoretical Prediction of Vertical Motion of Planing Monohull in Regular
Head Waves - Improvement of Zarnick’s Nonlinear Strip Method
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"Korea Research Institute of Ships & Ocean Engineering., Daejeon, Korea
Department of Naval Architecture and Ocean Engineering, Ludong University, Yantai, China

KEY WORDS: Planing monohull &% &34, Vertical motion response H4H &&&H, Non-linear strip method HIAE ~EF Wy,
Warped hull form B3 A3

ABSTRACT: In order to predict the motions of a planing hull in waves, it is necessary to accurately estimate the force components acting on the
hull such as the hydrodynamic force, buoyancy, and friction, as well as the wave exciting force. In particular, based on strip theory, hydrodynamic
forces can be estimated by the summation of the forces acting on each cross-section of the hull. A non-linear strip method for planing hulls was
mathematically developed by Zarnick, and his formula has been used to predict the vertical motions of prismatic planing hulls in reqular waves. In
this study, several improvements were added to Zarnick’s formula to predict the vertical motions of warped planing hulls. Based on calm water
model test results, the buoyancy force and moment correction coefficients were modified. Further improvements were made in the pile-up correction.
Pile-up correction factors were changed according to variations of the deadrise angles using the results found in previous research. Using the same
hull form, captive model tests were carried out in other recent research, and the results were compared with the present calculation results. The
comparison showed reasonably good agreements between the model tests and present calculations.
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Table 1 Main particulars of model ship

Particular Value
Displacement 73.350 kgf
Length overall, LOA 2467 m
Length between perpendiculars, LBP 2.000 m
Breadth (B) 0.761 m
Depth (D) 0.333 m
Draft (d) 0135 m
Longjtudinal center of gravity, LGG (from midship) - 0.195 m
Vertical center of gravity, KG (from baseline) 0.204 m
Pitch radius of gyration 25 % of LOA
20° at AP.

Deadrise angle
23° at midship

Kim et al.(2013)014 2 mgxo] A g M4 FH9 F 5
Z By Aol s vt Qlrh £ AFelA FaE ALk A
52 otslr] 915k Kim et al.(2013)004 188 =AY
AIE 4ol A ALt Aol vlwste] EAESITh

4. CHA BFM M5
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2788 o] & Al S8t A F 54 dAE &%
At Z2a8e e Y TETWOE Zarnick(1978)
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Table 2 Condition of variables in present calculations

Deadrise = Buoyancy correction Pile-up
No. .
angle by b, correction (G,,)
Cal.0  Constant 0.5 0.5 /2
Call  Varied 05 05 7 /2
Cal2 Varied Modified. Modified” 7/2
Cal3  Varied Modified Modified ~ Modified

" varied accordmg to the hull forms
" modified by usmg the test results in Kim et al.(2013)
" modified by using the results in Zhao and Faltinsen(1993)
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Table 4 Pile-up correction coefficient, G,

Deadrise angle Wagner Zhao and Faltinsen
] (1931) (1993)
20 1.5708 1.5087
25 1.5708 1.4709
30 1.5708 1.4243
40 1.5708 1.2866
20 ® Exp. (Fn=0.95) ¢ Exp. (F=1.19)
--0-- Cal.2 (Fn=0.95) w/ ¢onstant Cpu --<-- Cal.2 (Fn=1.19) w/ constant Cpu
i —e— (Cal.3 (Fn=0.95) w/ various Cpu | —e—Cal.3 (Fn=1.19) w/ various Cpu
1.2
$
0.8
0.4
0.0

Fig. 10 Heave response with modification of “pile-up’ correction

coefficient
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Analysis of Resistance Performance for
Various Trim Conditions on Container ship Using CFD

Dae-Won Seo, Hyun-Suk Park and Ki-Min Han

Korean Resister, Busan, Korea
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KEY WORDS: Trim optimization
steaming A& -&%

# A3}, Container ship ZH |4, CFD A4HrAI 93}, Resistance performance #3415, Slow

ABSTRACT: Vessels are traditionally optimized for a single condition, normally the contract speed at the design draft. The actual operating
conditions quite often differ significantly. At other speed and draft combinations, adjusting the trim can often be used to reduce the hull resistance.
Changing the trim is easily done by shifting ballast water. There are several ways to assess the effect of the trim on the hull resistance and fuel
consumption, including in-service measurements, model tests, and CFD. In this paper, CFD is employed for the assessment of the resistance
performance according to the trim conditions. The commercial CFD code of the STAR-CCM+ is utilized to evaluate the ship’s resistance
performance on a 6,800 TEU container ship. To validate of the effectiveness of STAR-CCM+, the experimental result of the KCS hull form is
compared with the result from STAR-CCM+. It is found that the total resistance of the 6,8000 TEU container ship was reduced by 2.6% in the

case of a 1-m trim by head at 18knots.
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Table 1 Assessment of potential reduction of CO, emissions from shipping by using known technology and practices(Buhaug et al., 2009)

Saving of CO»/ton-mile Combined Combined
Design (New Ships)
Concept, speed, capability 2% to 50%*
Hull, superstructure 2% to 20%
Power, propulsion systems 5% to 15%
10% to 50%*
Low-carbon fuels 5% to 15%**
Renewable energy 1%~10%
25% to 75%
Exhaust gas CO; reduction 0%
Operation (All ships)
Fleet management, logistics, incentives 5% to 50%
Voyage optimization 1% to 10% 10% to 50%*

Energy management

1% to 10%

" Reduction at this level would require reductions of operational speed.

" Co, equivalent, based on the use of LNG.

o] FIHE E CO, HIEFE Solv W, L9 oA
FO2 T YollAe] ARES HAsREl v FE Ve A
FEt A &S AR fAIks W ol otk ol e &
}Ero Aol tekek WS Fell CO, viES oF 1-5% ZaAlZ
ATkl Ba1E 3 e Buhaug et al, 2009). B0, side] &
ARTE els HAPEPS Mu Az o] BaA ¥
e AR tefdh A7t JPHoigkon, s dEE L
& HAYERS T8l CO MiES A 4%7HA A7 A
g% UtHHearn and Wright, 1999; Park and Kim, 2014).
peto 2 EHolA EYH S Wle] itk EfHZ
A4 9 Loading 271& ae{ste] Adute] A%
A AFE HasA A s etk 3
A} AR WA BE 712H AT
1971; Van and Kim, 1987)7} =3 €v}t Qlom, HZ A
3] A7 SHoA e HA Efxde e =
3] 218 Zoll ATHYang et al., 2006; Lee, 2012; Park
et al, 2014; Kim, 2014). 212} tlF-E9] AFE opA7A =
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Table 2 Principal parameters for the KCS

Ship Model
Scale ratio 1/31.599

Lpp [m] 230 7.2786

B [m] 19 1.0613

T [m] 10.8 0.3418
WSA 9423 9.4379

4 [m3] 52030 1.6490

LCB(%), fwd+ -1.480
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Fig. 1 Geometry on the 6,800 TEU container ship
Table 3 The test conditions for the KCS

List Test conditions

Pitch, Trim Free
Rudder with
Fn 0.108, 0.151, 0.195, 0.228, 0.26, 0.282
Mass [kg] 823

3.5315, 0.0, 0.23
130, 2725, 2725

Center of mass [m]
Moment of inertia [kg-m’]

Table 4 Principal parameters for the 6,800 TEU Container ship

Ship Model
Scale ratio 1/40.214
Lpp [m] 292 7.261
B [m] 40 0.9947
T [m] 12 0.2984
WSA [ 13673 83.4549
A [m] 85435 1.3137
LCB(%), Aft- -1.82

Table 5 The test conditions for the 6,800TEU Container ship

List Test conditions
Pitch, Trim Free
Trim condition [m] +2,+1,0, -1, -2
Rudder w/o
Vs [m/s] 8.75, 9.26, 9.77, 13.63
Mass [kg] 656.077

3.498, 0.0, 0.1648
5842, 3113.2, 3113.2

Center of mass [m]

Moment of inertia [kg-m’]
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Table 6 Comparison of the Crv between Exp and CFD at Vs =
26.5 knots (Fn = 0.255)

CFD
Free Fixed

Item Exp (2005)

Crwx10° 3.5856
Difference(%) based on Exp

3.5475 3.4683
-1.06 -3.27
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Table 7 Comparison of the Crv between Free and Fixed condition
at various Fn

. Crv x10° (CFD)
n
Free Fixed Difference [%]
0.16 3415 3.405 0.293
0.17 3.466 3.454 0.346
0.18 3.393 3.383 0.295
- 40
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=36
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Fig. 6 Comparison of curves of Ry for various trim conditions
and Vs
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Table 8 Comparison of resistance reduction for various trim conditions and Vs

Vs Ini.trim Rr [%] Rp [%] v [%] Rr [N] Rp [N] Ry [N]
2 m 99.2 87.8 100.5 13.535 1.196 12.339
-1m 98.8 2.6 99.5 13.478 1.262 12.216

17 knots
0m 100.0 100.0 100.0 13.639 1.363 12.276

(8.7 m/s)
+1 m 101.7 152.3 99.7 13.909 1.638 12.271
+2 m 105.7 152.2 100.5 14.415 2.074 12.341
2 m 98.1 88.8 9.1 15.163 1.405 13.758
-1m 974 9.7 98.2 15.062 1.436 13.626

18 knots
0m 100.0 100.0 100.0 15.459 1.5825 13.876

93 m/s)
+1 m 100.1 116.5 98.2 15.561 1.878 13.683
+2 m 104.8 145.6 100.1 16.201 2.304 13.897
2 m 99.2 9.6 100.9 16.825 1.585 15.240
-1m 98.5 96.2 99.8 16.711 1.615 15.096

19 knots
0m 100 100.0 100.0 16.959 1.806 15.153

(9.8 m/s)
+1 m 101.3 105.1 998.8 17.243 2.098 15.145
+2 m 105.0 1175 101.3 17.801 2617 15.184
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Experimental Study of Effect of Mooring Line Failure
on Behavior of Turret-moored FPSO Ship
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ABSTRACT: FPSO model tests of mooring line failure were carried out in the ocean basin at KRISO. The characteristics of the motions and mooring
lines were investigated. The FPSO ship was moored using an internal turret and catenary mooring. The test model was 1/60 scale. The mooring lines
were designed to satisfy the characteristics of the original mooring lines using the truncation method. The experiments were conducted under various environments:
a safe wave, current and wind condition; single broken mooring line condition; and transient mode condition. The moment of the break was determined
based on experimental test results. The results showed that the FPSO behavior and mooring line tensions were acceptable under the failure condition.
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FPSO(Floating production storage and off-loading) & 4|3}
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2.1 FPSO & Mooring Line Configuration
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Table 1 Main particulars of FPSO Table 2 Properties of mooring line
Ttem Proto Model Type Length [m] MBL [kN]
Length [m] 270.0 4.500 Top chain  R4s Studless 50.00 12,496.80
Breadth [m] 50.0 0.833 Wire Spl.ral strand 30000 N/A
Draft [m] 12.63 0.210 WIre ropes
Displacement [ton] 132’447 0.613 Bottom chain R4K4 Studless 2,05000 11,85640
GM [m] 4901 0.082
Turret diameter [m] 14.600 0.243
X coordinate of turret position 9
from AP [m] 200.600 3.343 o
Y coordinate of turret position 0,000 0,000 3
from C.L [m] <
. . 1
Z coordinate of turret position - —2
X X S Y B — @ -
from B.L [m] 0.000 0.000 —=3
4
Sway + g
=
o
Yaw+ Surge+ 8
% Water depth : 192 m 76 S

Fig. 3 Figure of test setup
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- Restoring Characteristics
- Submerged Weight of Mooring Line
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Table 3 Properties of truncated mooring line
Chainl Springl Spring?2 Chain2 Chain3 Spring3 Total
Length [m] 1.55 15 0.2 32 1042 1 17.87
Weight [N] 2.26 1.86 0.98 441 235 1.96 13.83
K [N/m] 6406.68 19.61 98.07 6406.68 7528.57 31.58
% 6000
a-Fry I ——— Target
7 2 —©&— Exp.(w/o FPSO)
. —&—— Exp.(w/FPSO)
Chainl p— | -
springl Z a0l S R AORNR
Spring2 3 I ‘ ! !
>
= i
Chain2 : 3000
Chain3 ° I
(Wire w/ weight) E
7
£ 1500
Fig. 4 Configuration of truncated mooring line = i
dAoapgel A dAs deAs(n)E e Aotk daAs oL | | |
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Table 4 Environmental condition
Wave(JONSWAP, ~ = 3.3) Wind Current
Remark
Hs [m] Tp [s] Dir [deg] V [m/s] dir [deg] V [m/s] dir [deg]
Collinear 15.2 17.2 180 44.39 180 1 180
Non-Col 152 17.2 210 44.39 300 1 180
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Table 5 Comparison of statistical analysis between intact and 1 line broken case(wave frequency component)
Surge [m] Mean Ratio of Aver. Ratio of Sig. Ratio of Max. Ratio of
8 Value  change [%] Height change [%] Height change [%] Height change [%]
INTACT 0.003 8.488 13.351 30.884
1li ) -251 2. .82
Collinear e broken 0,003 0.00 8280 > 12.983 5 31140 08
Non- INTACT -0.002 8.508 13.746 27.124
. 33.33 0.63 1.35 -6.71
collinear 1 Line broken -0.003 8.562 13.934 25418
Table 6 Comparison of statistical analysis between intact and 1 line broken case(wave drift component)
Surge [m] Mean Ratio of Aver. Ratio of Sio. Heioht Ratio of Max. Ratio of
& Value  change [%] Height change [%] & Heigh change [%] Height change [%]
INTACT -21.550 19.295 30.256 46.372
Colli 44.70 8.70 18.44 28.10
O 1 Line broken  -38.966 21134 37.098 64499
Non- INTACT -0.969 20.778 35.179 49.601
. 91.66 11.35 13.29 9.50
collinear 1 Line broken  -11.625 23.437 40.569 54.807
e =

o] 13.6m, Hdl "&o] 29.6m F7Ish= ZE IR
Non-collinear 2719] 7%= B 2] 43m, —atﬂ E=R)
122m= collinear AR 22 H3L= =
T Ak ol ELEo] Non-collinear 211 0l|4
A== o= Bl

Intact 2717} 1 Line broken ZZ7ol|A H+ AH-E Fig
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Table 7 Mean tension of mooring line(collinear)

Intact ér(]ilel f1 Transient %' %’
MF1 [kN] 3269.240
MEF2 [kN]  3262.040 3763.390 3733850 15 14
ME3 [kN] 3222.100 3656.390 3727870 13 15
MF4 [kN]  3396.730 3897.780 3960920 14 16

Time [sec]

*%" is percent about comparison between intact and 1 line broken.

6000
_ Intact *% is percent about comparison between intact and transient.
= 4000 F{ o Tramslent | ]
3 ;
: Table 8 Mean tension of mooring line(non-col)
Time [sec] .
6000 Intact 1 Line Transient %' %’
imact broken
g MFL [KN]  2737.070
=
ME2 [kN] 2714.040 2989.080 2992.880 10 10
Time e MF3 [KN] 2608090 2878950 2911610 10 11
g MF4 [kN] 2612.810 2881.910 2909870 10 11
g *%! is percent about comparison between origin and 1 line broken.
*% is percent about comparison between origin and transient.
Time [sec]
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Fig. 19 Transient test of broken mooring line(mooring line tension,

collinear)
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Fig. 20 Transient test of broken mooring line(motion, non-collinear)
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Flow Stress Properties of Electric Resistance Welded Small-Sized Subsea
Pipeline Subjected to Temperature and Strain Rate Variations
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ABSTRACT: A subsea pipeline for oil/gas transportation or gas injection is subjected to extreme variations in internal pressure and temperature,
which can involve a strain rate effect on the pipeline material. This paper describes the flow stress characteristics of a pipeline material called API
5L X52N PSL2, using and experimental approach. High-speed tensile tests were carried out for two metal samples taken from the base and weld
parts. The target temperature was 100 T, but two other temperature levels of 20 Cand 0T were taken into account. Three strain rates were also
considered for each temperature level: quasi static, 1/s, and 10/s. Flow stress data were proposed for each temperature level according to these strain
rates. The dynamic hardening behaviors of the base and weld metals appeared to be nonlinear on the log-scale strain rate axis. A very high material
constant value was required for the Cowper-Symonds constitutive equation to support the experimental results.
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(@) Design of flat specimen

(b) Machining process of a flat specimen

(c) Photo of flat specimens

Fig. 2 Specimen design, machining, and photo
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Table 1 Chemical composition of APL 5L X52N PSL2 (unit: %)
C Cu Si Mn P S \% Nb Ti
0.055 0.03 0.19 0.975 0.011 0.004 0.003 0.018 0.003
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Material Temperature [C] Strain rate [s ] Specimen label
quasi static PSL2-T020-R00

-20.0 1.0 PSL2-T020-R01

10.0 PSL2-T020-R10

quasi static PSL2-T000-R00

Base metal 0.0 1.0 PSL2-T000-R01
10.0 PSL2-T000-R10

quasi static PSL2-T100-R00

100.0 1.0 PSL2-T100-R01

10.0 PSL2-T100-R10

quasi static ERW-T020-R00

-20.0 1.0 ERW-T020-R01

10.0 ERW-T020-R10

quasi static ERW-T000-R00

Weld metal 0.0 1.0 ERW-T000-R01
10.0 ERW-T000-R10

quasi static ERW-T100-R00

100.0 1.0 ERW-T100-R01

10.0 ERW-T100-R10
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Specimen label Temperature [C] Strain rate [571] 0 o, €y

PSL2-T020-R00 -20.0 quasi static 431.3 522.5 0.131
PSL2-T020-R01 -20.0 1.0 499.1 614.1 0.149
PSL2-T020-R10 -20.0 10.0 536.4 683.5 0.174
PSL2-T000-R00 0.0 quasi static 4188 504.9 0171
PSL2-T000-RO1 0.0 1.0 486.0 607.6 0.167
PSL2-T000-R10 0.0 10.0 4918 642.6 0.192
PSL2-T100-R00 100.0 quasi static 376.0 448.5 0.130
PSL2-T100-R01 100.0 1.0 443.6 523.0 0.128
PSL2-T100-R10 100.0 10.0 4522 598.0 0.174
ERW-T020-R00 -20.0 quasi static 501.4 5314 0.056
ERW-T020-R01 -20.0 1.0 573.6 649.6 0.133
ERW-T020-R10 -20.0 10.0 616.5 704.1 0.101
ERW-T000-R00 0.0 quasi static 4779 527.6 0.096
ERW-T000-R01 0.0 1.0 556.1 627.2 0.108
ERW-T000-R10 0.0 10.0 588.5 693.6 0.145
ERW-T100-R00 100.0 quasi static 4223 4499 0.064
ERW-T100-R01 100.0 1.0 491.0 535.6 0.060
ERW-T100-R10 100.0 10.0 531.7 590.6 0.086
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Development of Buoy-based Autonomous Surface Robot-kit

Hyun-Sik Kim’
‘Dept. of Robot System Eng., Tongmyong University, Busan, Korea

KEY WORDS: Surface robot
B2 YA A0, Static attitude control A2 AFA|A o]

474 25, Buoy robot-kit F-°] 27 E, Sonar-based avoidance AU7]1¥F 3] 3], Dynamic position control

ABSTRACT: Buoys are widely used in marine areas because they can mark positions and simultaneously acquire and exchange underwater,
surface, and airborne information. Recently, the need for controlling and optimizing a buoy’s position and attitude has been raised to achieve
successful communication in a heterogeneous collaborative network composed of an underwater robot, a surface robot, and an airborne robot. A buoy
in the form of a marine robot would be ideal to address this issue, as it can serve as a moving node of the communication network. Therefore, a
buoy-based autonomous surface robot-kit with the abilities of sonar-based avoidance, dynamic position control, and static attitude control was
developed and is discussed in this paper. The test and evaluation results of this kit show the possibility of real-world applications and the need for

additional studies.

ZF 2 F(Underwater robot)
(Airborne robot)
collaborative network) :r“ ] IR

of tigk a7 st e, 71
ol AE 85 gl §x]/AHA
AiME 71E Fold o4
M= o) vhE2 sttt

slFEEe] A7 NEst b =y 7Rk UH
Holle 2RuF tg Ut Sk e
TR #HANA RS Ze NYREINES H
< BeA SRR AN Jke FHee A
AZ Q1 el Aot

FrRTIES] /ML B A8 A 2A, A8 FEERIE
(Autonomous surface robot-kit)(Kim and Kim, 2011)% AA]
(Surge), 8(Yaw)2] 2A-F-%(DOF, Degree of freedom) &3¢l

= O
o= X35

%(Surface robot)
T2 ¥ LﬂE-‘?JH(I-Ieterogeneous
AL AN
== (Moving node) ZA]
A3} A7} Aot ol&
F7rste] GEE FHE

1, &

=

71k 4 olF wHE EAskaL 9, AW, 5, #5913
2| L.-—i‘-( el) 7ol &3]3 A OAS, Obstacle avoidance sonar)
g0 7|9ket AolE FT(Kim and Jin, 2009; Kim et al,

2011 Kim, 2012) 58¢ B48tT Aok =3 488 S5
7]E(Underwater robot-kit)(Kim et al., 2012)= A1%], &, 33|
(Pitch)®] 3DOF 5ol 7|9kt 5% o] 58S Basha ¢

o A=

i, A, 93, 25, o1 4xd OAS Bl 71k ol &
3y ¥ EAste Atk AE¥ TFEEIIE(Airborne
robot-kit)(Kim, 2013 A%, £°] 2DOF &5 7| 3%

°lF TYg BHF3tal 1o, Aol 1Ad A (IR, Infrared)

AR B e golE 8w wee masta ok s
g, 72e) Aol 2ulit 53], 51 gRA0}, AH AA

Ao} 5Y L B Hol2RyEE gtk
wehd, B oA AUzl 33, 54 9320, 97
AAA SHE HAT Hol Ik AP FRE E(Kim,

2014) 2] 7ol thsi A AHAIS] =2 AT

2. 7|1E 2Eg 9

=HIsHZ

UukA o 2 3319

al7
¢}

Zroll A 2-2o)= ZHA(Rigid body)2] 2131
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2 E A AsiAE 6719
2007)7F gk, olol sjddle FolRRINES] 5
24o](Sway), d]H(Heave), E(Roll), TX|, 8 T HHO=
EHEE &9 6DOF 522 F3FTHAntonelli, 2006).

Y F3E(Kim and Shin,
5L A7,

]V[é:+Cx+DRBa:+gRB:T @

A7IM, z=[uvwpqr]’E &5 WE|(Velocity vector)o|Th.
M= My, +M,°\3, C=Cp,+C, A8, M, 7 B4 JE
(Inerta matrix), M, = F7HAdded) &3 WHo|H, C,,= A
& (Coriolis) F T4)(Centripetal) ¥, ¢, FAIYT
(Hydrodynamic) =zl&2] 9 74 #Zolth. D, 4
(Damping) 0], g, $H(Gravity) 3 F-#(Buoyancy)
Hgo|t) mA o R = [X YZKMN]TE &(Force) 2 EH
E(Moment) #Ejo|t}. 4] (1)9] 2dH olsi& FalA=, M
starz} s Fo|2R7|ES - e 3 wWFUEe] 3 Y

AE WEe] WA AHH o AdF o] FolRRI|ES] &
4e ARTES & 5 ASdTh
A AT Fol2RIIES F R it olslE Ht

o7, 2t 39, T Ao, BH AAA FHE
HFES FOlZEIE LS FASE] ffsiAl vt 2ol
el

EAE Aolsty] ffeliA $AHoR2 Al 24 SR
o], "7]=¢] s A(NPS, Naval postgraduate school)& <
%‘ ZF’Z:L 2 F5 ANzHE SR AAstd 1 aRE 5
= o|Fd FHUES A} Bt 83 FE Ve
S Bt S & F ATk oleh #HE olFH A
Ef 43 T4 Fig. 10 B ZIthHealey et al,, 2005).

A2 ApAls] AR, HE-:M] 2] ZA A T (Gateway) 2

off Pﬂ
Jlm

mml

@F‘él'g 31 Qe Holrl 2F, Ir So] EAsts AA s
BAHNA 5, 73 R TF ]/\E“J%/] AZAl BEAIL 93
A ALle] 9 4 7‘]”‘1]E HAs G 4 ook gt} =L I

Ao JRE 5T o Qlojof It

a8aL, BRuS AREE IRkl 7B 1 A8 o
o) = H]%er_m SHoA 24y FHE BAstaL =,
O Qdste] FEF B A G@AE 97 3] dasteE F
&7ke] FFES ARgStolof Bk, oA|e] ARE Fofof it

%
S GPS satellite
Iridium satellite constellation
/ constellation \
Racom buoy \
pEEAVnode Shipboard _gs

;p!‘ command center

=2
2
J’ /"u,,,(” v
jﬁ_x?,f:>>>>>))))\ (il i R
‘ S
>
Q&

(gt
RS (18

m““

<< “ Constellation of
6 Seaweb repeater nodes
fixed on seabed

Fig. 1 Heterogeneous collaborative network

System A

Target A

Roll

Fig. 2 Necessity of developed buoy robot-kit

fofetd, Fo|2R7Es AE 35 Bl HA/AA H25 &
A7} 5—7‘“{% Wk oy, wlg/ /oA Hast ZAVF 2AF
< o 2 9th

e Folz2l|Ex O]Eﬁ'} S
3l 171e] OAs, 271} 44 F
(Rotary rack) ¥ U<l (Pinion)< Zte Uﬂﬂ
AL FEE I 5 AR g5 A F

=& Sl sdsk] 4
Z17)(Thruster), 1”21 3=

< Aldste
01]/\1—5— 178¢]

OASE B-g3lo] WY, $3, %, 3haFel 441 OAS BA}
FesES sigla, A 249 SR el 5% 33

7, 8¢l 782 2 HUde Bestel A7, 8, & T3

4DOF &5°] 7Fest=s shalth. Aok Uﬂ?M =9 e
Fig. 2& &3 A=o] 7lssitt.
Sre] O™ of AN FolZEFETE XS kel A

k= 4 Target A JRE B53so] 75 W3kl EAs= &
Z System A°l HRE AARIO T HAPsh= Ei5g Ho F
Qo o3 FolZEINEVL X5 Wl EAlsh= 5
AL ARE Y= ol EAS= 4 System Boll AEE AA|
Lo Adsly] s -] 3 aE YES vigtEES
& F AUAdLE o]FAA B 25E TN EE5S B
o} ole} #HE Fo|ZRI|ES| R WAYUEFS Fig 33} 22
g, ol= Ly Fol2RI|EV} Yol Weko g w9 aufH o
B AAE Ao Sle AEEL 7S B FH

Rotary Rack

Moving Mass
with Pinion

Side View
Fig. 3 Internal mechanism of developed buoy robot-kit
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Table 1. Comparison of actuation and propulsion mechanisms

Time [sec] Communication  Control Cost/
Success Rate  Complexity ~ Energy
Thrusters Only Middle High High
Thrusters with
Fixed Rack & Low Low Low
Pinion
Thrusters with
Rotary Rack & High Middle Middle
Pinion

qhekol], 1Al F(Fixed rack) ¥ IUAES AHE3= A t-oll=
ZHA AAE HsliAE gRiEoR £ F 5
C|ZEIIEV YES HIEEE & £ WA F Ay
< olBAA FA FFE HAAACE st oule FF
Target A% AR E FXA Hrh

a3, A 2 JUAES ARRSHA] e 9ol A Al
£ fsiMe It o= 470 o) 4 FI7E AREsk=T
(Chol et al,, 1995), ol ZA FAIE 28] ANUR 2|53
Ql &% 7} a3l

SA AFT FF 2 X WAUS FF ol A T4
E(Success rate), Alo] EFA(Complexity), Hl&/oHA =
o A Hlml % 8ok W82 Table 10 2o X|=d), At
AUEL AR/ AA HA s A F Blg/oluA] HAs A
o] sfjdo] ul-g- AFTES &+ Uk

o 4
R
N
il
ok
offt
ng
2
_‘

oX

. of

3. 7|E AIM|E}

AE WAUES Tk AL SRR ke Fol2iY]
Eo i sty 941902 Bl ~E (brainstorming)©|

ByRIZ2EY 435 dHEH Fo|2RIES AdH 24§,
s, 7%, AR AR 5 Akl igk ooy
FolES & < Stk

L=} < 7|Mre 2, 2-870'd(Operating concept)©] A
YAk 1 A= Fig 50l B zh

Based on \%
sonar sensor

Minimize
lesistance
Inertia

Sun‘a
existence @i@, program

ave effect
existence

Cmen

orizontal
movement
Attitude
adiustment /7 Obstacle
avoidance

Adjust
restoring force

Easy
assembly

Fig. 4 Brainstorming

Cable Separation
after Program Download

=

Fig. 5 Diagram of operating concept

EeMd AR Jtew, @FAR; B4 (Requirement
analysis)©l FH=E o, I AFAZA )54 (Mobility)(R1),
QFg A (Stability)(R2), 224 (Maintainability)(R3)©] &7t
Fgeo] =EHATH

[TAE B4 7RI, V)% #4(Functional analysis)©]
FRHNCH, T AHdeA, AHLEE 75 (F), FA/FE =
A 715 (F2), AAA 715 (F3), AMA S 715 (F4), ol =37
715 (F5), ®3ll/ 29 715 (F6), 1Y ON/OFF 715(F7), =21
H OEE 7]5(F8)¢] 7sEC] ==HAUTH

7% #48 7IW o2, A (Design)7t FAE A, 1 A}
o] shFEA, FFESJol/AZEY 0] VMRS =&t

’ H/W Family Tree ‘
[
[ I [ 1
Bod Measurement/ Actuation/
P rt(}-{ﬂ Control Propulsion Others(H4)
a Part(H2) Part(H3)
Hull(H11) | OAS(H21) ’ «| Screw(H31) ‘ ~| Power(H41) ‘
Fixing P\ale(H12)| Fra::’;iz‘f‘m «IDC Motor(H32)‘ «| O-ring(H42) ‘
", . Interface Adjustment
Fixing ng(H13)| Board(H23) ~| Frame(r33) ~| Lead(H43) ‘
Control Fixing
Board(H24) ’ ‘| Frame(H34) ‘I Tape(H44) ‘
Rotary
-I Rack(135) ‘ ~| Note PC(H45) ‘

Pinion(H36)

Fig. 6 Hardware family tree

S/W Family Tree

Q_

Measurement Actuation Data

Function(S1) Function(S2. Function(S3)
{ forward(S21) | download(S31) ‘
head_setting(S12) { backward(S22) I upload(S32) ‘

left_setting(S13) left_turn(S23)

right_setting(S14) right_turn(S24)

bottom_setting(S15)

rack_rotating(S25)

pinion_moving(S26)

stop(S27)

Fig. 7 Software family tree
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'5']—5-‘%"0'1 7]'75”E 7] E‘l‘gl /‘—;!7:]] Z—..iﬂ]-i/ﬂ, 3D EE‘E]%] E?‘?_]_ ii;gaw’a;u;;t;ii Interface Control/Upload Board
X . 3 . 3 e Board (Atmega2561)
7}E]oHCATIA, Computer aided three dimensional interactive e | e P otor Votor Drive Votor
application) & °] 8% HA =S =&tk ARl WA=s L | BT R e ]
Fig. 8 ¥ Fig. 9o X zch Eo = | | B == ]
53], Fig. 99] AZHY A R= AFE WAUEFY A 3] = {Pe7 ]| | CPE ] (. L oton |
" . s ] WJ—DF
Aoz 9 Fydde] AHRE Yeh L, Fig. 102 1 29 BF Data Pin ID Pin P} G L Loz
itk R mEZE S8k At sasl Hn, | Bl e | e =
- e _ _ o Download Dot
she] BEZL S Uel olgale FAFA0l W e P hostoc
o tﬂ“ o 1/}_ 5Pin SPin 53 0
Al =ol AL W3t ojdtt
Data Upload Zigbee Zig2Serial
PEO [ RxD ——>| RxD
[PeL ;J [0 J o H

Fig. 11 Interface diagram

E OE A7 AHEA, AAHA HelE e AFEE =23t
Aok AFEE Fig 110 2o 2k

AAE 7o 2, AlZ(Manufacturing)©] = glom, 71 A
FH2A stegol/AxES o] FAdFC] AAR e TUHU

stEglo]l AARNE Bk, 3D ZUR =791 A&7
(RP, Rapid prototyping)& ©|-83t=H, 3D =Y 3l ZdH
STES AR EA AR B FEA Y] I NA Fol2RT]
E stedo] AAIFe] 283 FRUtF 7bseiith Fig 12+
AEEE AANEO R ZYE|, 837, ZUR AZE)

il

T Cate - Fack
i

>
dimension
Genersl,”_ Orientati

f Addto |
] ] (] oo

LR

Fig. 10 Assembled rotary rack and pinion Fig. 12 Manufacturing equipment
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103 s 7 9011131517192 282527 29Mm
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Fig. 13 Obstacle avoidance sonar and characteristic curve

AR ANEO R 5 AD T

UG : . A——
Fig. 14 Programming tool
sheslol TAE U Bestel, 449 OASE TUSIAE

tl, ol +15deg®] W (Beam width)E& 2Ztal, 0~3lcmol] =4
sk A0 A, 95, #5, k3] 44 OAS BAIV} 7he
sith L EAFAE Ay 29 FAdge] W e & 5
Atk Fig. 13& OAS ¥ A4S Yehdth

EZEo] AAZ #FHste], Clo] =W =7<)
AVR studio Z2T3-S o] &3l etolBeg 4 NdS
S=ygo e P84S wAh Fig 14E Z2IHUES 3}
He UERi:

4. 7|E A&}
Mg Ro|2RyE] % HAZS 9JF|A, UM AFT 2
A, A 2 AR e TEste] Balzy AT,
F(T2), & AIF(T3), IA AF(T4) & 3T AF(T5) E°l 3

HAtk T2, T3, T42] 5341 T5+ Fig. 159} o] 2 73
AHE Zhe WY Aolgel B4 9 #9)8 vHskc,

S : B
BASR Incidence angle \,/’
//
7
7/

Fig. 15 Top and side views of avoidance test

T5E A3 AI@H7E Alve]l L 742 Table 29+ 224, o]
ERINEE AN BRF OASe] &5 FRE o] &t HF
(Proportional) Ao} 714k BT =2 (Wall tracking)< 33+ &
o, OASY] M HRE o] &3t ol & BAE fla A=
H E(Feedforward) Ao 719k A A& a8t o] Fof &
NE & fal ¢IHS FPFT

T BAE zhe HWE Aol &4 4 39 2g 2 A9
S Fig. 16 9 Fig. 170 Bojx|=d], 1 2352 &4 2 3
97} 1517z 73] BQPEAols Evtekal AA Al 73kl

Table 2. Scenario for test and evaluation

Time [sec] Used Sensor Executed Mission
1-15 Left Wall tracking
15-16 Front Attitude control for Detection
16-17 Front Turning

Fig. 16 Execution of test and evaluation

300 e T T T T T T T
===Before aftitude control |: : = : i i
= After attitutde control

Distance [cm]

R

A
8 9 10 11 12 13 14 15 16 17 18
Time [sec]

M_
Gif
A1
G
il
il

Fig. 17 Results of test and evaluation
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Table 3. Traceability of development processes

Requirement Function Test Item

F1 T2, T3, T4

R1 F2 T1, T2, T3, T4, T5
F3 T2, T3

R F4 T4
F5 T5
F6 T1

R3 F7 T2, T3, T4, T5
F8 T2, T3, T4, T5

Table 4. Specifications of developed buoy robot-kit

Item Value
Size 28 x 18 x 16 [cm]
Weight (on air) 573 [g]
Maximum Speed 6.0 [cm/s]
Turning Diameter 0 [cm]
Detection Distance 30 [cm]
A ATAYS B ok B =RoAE Fol2RIES] WA
UES 788ke 2le SRR SRR T5olA = Fig. 29 §4l &
AE BFAE BAT, T5o] AdEL Fato] /e Fol=

B71E7L AR 25 5l X /A HZ st EA4) 5L vlg/ | A
Hast TAE A 42T 5 dee IS FF L
g5 WA, FART ol A ’%1_34/7:4.% ol aTEnolH’h

AIE2HE, Fo] ZRIIEE OAS, £HF7], 32 3
U 5o EFHAQ] FALAS BHstT lgo] EHEC
APH7EE B8, dEE aTAR B 71 Ee] 53 gl
3T} Table 3 /W Z2A|2 AHEE9] 522]4(Traceability)
S Ho] F31, Table 45 /g Fo|ZEIEQ ALFS Ho
Zt.
54 &

B =RdlAe aWet 8], 53 fiAAle] g A& 2R
o] TY& B Fol7|ik A8y FAREINET} ALEHAL
A3 =2l = ATk

NE Fol2RIES] FQ8 5L thgd o] aokdrh
Z, M Fo|2EIEx 2urint 39 EAE ] 9
3l 171¢] OASE AHg3HH, &4 fIAAle] £A1E st 9l

sl 0] FHEAI)E AgsH,
71 918 138l Sl ) A A,

M o2y Hse BHH o AE5) SlalA,
G Ak e W IR s A9t Faselc A

7t Ade it PRl EdY] 3 22 2Ras

A Ao FAE siA st

EoFE 2= *e‘xﬂ 2ol Ao AL THsAE BA B AlA
o F7 gl 58 % FUHHQ A7 oS BRAETH
s 7
o] =22 20138 x THUE R wstEATH] A 9

sto] A7 3= (2013A008)
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Influence of Asymmetric Aerodynamic Loading on
Multiple Unit Floating Offshore Wind Turbine

Yoon Hyeok Bae and Moo-Hyun Kim"

"Department of Ocean System Engineering, Jeju National University, Jeju, Korea
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KEY WORDS: Wind energy 5% 1A, MUFOWT (Multiple unit floating offshore wind turbine) $f+2] o< 38 7], Mooring
tension AlFA 49, Aerodynamic loading 3% 3%, Coupled dynamic analysis G4 4]

ABSTRACT: The present study developed a numerical simulation tool for the coupled dynamic analysis of multiple turbines on a single floater (or
Multiple Unit Floating Offshore Wind Turbine (MUFOWT)) in the time domain, considering the multiple-turbine aero-blade-tower dynamics and
control, mooring dynamics, and platform motions. The numerical tool developed in this study was designed based on and extended from the
single-turbine analysis tool FAST to make it suitable for multiple turbines. For the hydrodynamic loadings of floating platform and mooring-line
dynamics, the CHARMBD program developed by the authors was incorporated. Thus, the coupled dynamic behavior of a floating base with multiple
turbines and mooring lines can be simulated in the time domain. To investigate the effect of asymmetric aerodynamic loading on the global
performance and mooring line tensions of the MUFOWTI, one turbine failure case with a fully feathered blade pitch angle was simulated and
checked. The aerodynamic interference between adjacent turbines, including the wake effect, was not considered in this study to more clearly
demonstrate the influence of the asymmetric aerodynamic loading on the MUFOWTI. The analysis shows that the unbalanced aerodynamic loading
from one turbine in MUFOWT may induce appreciable changes in the performance of the floating platform and mooring system.

.M =2 B2 FHLRE PR FYBAI)E AXSHE S5 B
O~

F(Platform)®] FF-ll Wz} TLP (Tension-leg platform)3,

A2 A AARCE oqUA 4arF F=a we} dEHel  HHSpar)B, W (Semi-submersible)d o TE7F AISkE
Az HE BHOAL Ao guslA] kom xeHom  ASH A FRFL FEdTe FIIA Ao} glerz
ol g 7Fs3 ARA ool the TAlo] ol T gtk B3] EAEE s FA A Be AHI FUFe) A B’ A

Thorst AR AR Y 1o 1 ARl 9 wHtylyr  AZE F8sT AlE BAWIRE S017] fjste] FHLA
oz |UR|o] g AT el ks e ook 718l A7ISE SFol HA ti¥E} He FAC o, gt
(Henderson et al., 2002, Henderson et al., 2004, Musial et al., N E71e) d@ster Heol T FUE ol el 3
2004; Tong, 1998; Wayman et al, 2006). $ZLAE Alzge]  HATAVE A== 5744 v F2d7](Multiple unit
Mz Az wel T4 SAZEuA sbEeadd oz i floating offshore wind turbine, MUFOWT) R¥lo] A A5 7] %=
oA FAZHLAL T 1HA D Bgxom s 4= 9 OrMFHBarltrop, 1993). MUFOWTE 3hte] ZHi&el] the]

CAuR 0@ 24 60m o]Ate] o= 1A Kot ng S HERTPF AAHER 4 gl S viste] &
2] ZeEubdo] H$ AR o] oA 9tk HEF 2 A7 (Mooring line) o] A2 81 Ao FYH = HE

Received 2 March 2015, revised 9 June 2015, accepted 22 June 2015

Corresponding author Yoon Hyeok Bae: +82-64-754-3485, yh.bae@jejunu.ac.kr

(© 2015, The Korean Society of Ocean Engineers

It is noted that this paper is revised edition based on proceedings of Annual Autumn Conference of KSOE 2014 in Jeju.

255



256 EE-

& A3e] ARE = U Aol Aok SHAT AT FEHET
& 9] Ast, A ZHAE AR
o] o], U FTHLAIIE T80 A5y AT 53
3k Aloy7] A T3 2ol s dsford EA7)F s EA Tk
r29)o]e] AT A|(WindSea) ol Al AAFE 72 o F2dd
71 W] gde] EHEe) 31 FEEHI|7F AR E
%‘EU%, ol /AXgE FEERTe A TR FFoE <
F 7] of 5% o] HAFE RIS i
= ’é‘n% Fotd Rt th(Lefranc and Torud, 2011). ©]
2z l‘%%*ﬁ] E}" FTELA7Y &F s A3 AES
o] < /o] H 3 (Bae and Kim, 2014),
ol o] AEE i o Tt
719] #= §H B olo] W FMFY FIFo| ZAEJT
(Bae et al,, 2014). o3t F=rr|e] TRl o3t FF o]
A M I aHEA U Ol ‘_EOHH“
MUFOWT®] #A8-3-9-8- g-Aof-Z W &A1 7
HE AFF oA 9 A 22 TS o]-g3td 5—?‘3 oA
719] FEatzel Hsyt HASAS W FREF] &5 L AR
o] e Zeol owd Fakol JeA AHRJYT) o] HI
5o HeAE B8l Lozl A= F5 ohks MUFOWTS] A
of7] AAle] ded - A5E &8 S Aotk

o
on
_EL
ou‘.

™ oHdr 4y oo
Hr
ny
e
Q
I‘kﬂ. u%

i

SR Tk B

N

2.1 O SHEXT(9f siiA
B AFelA Z—*.%% MUFOWT?] ARFEe &5 a4l S
7] 314 =2 3320 FAST (Fatigue, Aerodynamics, Structures
and turbulence)E &7 /st FPE Yok FASTE H= 4l
AR MR Aaeol| A FREste] viEshks FHTR 7] 14§
T2 SN ZrIOFo R I B T B FHEHY
el F= AREEo] it (Jonkman, 2003; Jonkman, 2007;
Jonkman and Buhl Jr, 2004). FAST+= 8% F2ddr]9 &
TEHNE T oA $H% 4 Z2aew w)
EﬂolHE o] gste] 7 ael Agoh= Yt At
£ AeroDyn Z2F] BES ¥33ta ok 3= @la
a0l 2Hgshe It @7l vA] Bl ‘%}XW] £ Ao, ZH 3
Aol o3 #AAE So] Y5 pyE FHdAU|e &% Y

A4 g s, Aee) 1 2ol wek Bl sl o

_1

45 £5L S T4 TATS QAT & AT o B
§4] FAWY)e] A9 FASTE ol831W AR FHEs)7)
S FAE ool mAE BAYel &7, 123 FAE 6
AHE 5] AR BB AT WAL Gafo] mE
w2E s)Aje] Fhssih

el 3

7WE Multi-turbine FAST‘T:— T2 g
H) o] Augzg el AR 24709 A Z

%21 6AH=E A% 1871 AHfir=E %ZH% SR
o JNerE Fate] ol or N e FHIT HAlE
MUFOWT®] 39 6+ Nx18 o] AFES 7 Al s
TRk, ARl WH o w] ARE gAlCA ZF Wl Bl

Moo-Hyun Kim
THA "tk
Total Turbine Platform
F=F +F
Turbine#1 Turbine# N Platform
=F + o +F + FP
Turbine#1 Turbine#1 Turbine#1
" rldero | Elastic rGravity
Turbine#1 Turbine#1 Turbine# N
I |Generator | Damping "1 Aero
Turbine# N Turbine# N Turbine# N
+F|. - .
| Elastic " \Gravity ' |Generator 1
Turbine# N ( )
| Damping "1 Hydro | Mooring
* * Total Turbine *
F =F, +F,
Platform
— F* Turbine#1 Feee gt E* Turbine# N + F;*
Platform
« | Turbine#1 « | Turbine#1 « | Turbine#1
" \Tower " | Nacelle " | Hub
« | Turbine#1 « |Turbine# N « |Turbine# N
B + cee + F
Blades " \Tower " | Nacelle
« | Turbine# N « |Turbine# N * (2)
" Hub " | Blades " \Platform

MUFOWT®] Aufj 442 B2 93 sl e
Kane?| A& &-8sto] YA S (Kane, 1961), ©] BA
2o AHg-E dutslE 553 3(Generalized active forces)t
YutslE #dH(Generalized inertia forces)< 3hte] W&
5ot FEERY] A4z dis) pEzeR d2 & R
gate] Al WEAe TS "ok 24 (1)l v e

7ol Zgske Y, #4Y, FY, 27 Y, 99
(Damping)°ll o &3 FAF| 283h= FAE, AF =
L& YA, 4 ol o THTx7) e} ZHEe A
BEOR ste] ofrlE s dRiskE Y AES UEhiIH:

F +F =0(r=12..6+NxI8) )

iCmézﬁf,. (4,.9,)=0 (r=1,2,..,6+ N x18) @

s=1

21 () (2F Kaned] W82 2 (3)ol AE3tH 2 4 2
o] FAHE A=Y FYPE 5 Nx18AFES T F
HulA 7] Azo] 2% AAE e A PE C;s% A5}
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Fig. 3 Turbine location and mooring line arrangement

Table 1 Specifications of semi-submersible platform

Item Unit Value
Draft [m] 15
Platform mass [MT] 2373.6
Roll radius of gyration [m] 58.99
Pitch radius of gyration [m] 58.95
Yaw radius of gyration [m] 79.38
CG above keel [m] 13.42
Table 2 Specifications of mooring system
Item Unit Value
Number of mooring lines [ea] 8
Depth to anchors below SWL [m] 80
Depth to fairleads below SWL [m] 13
Mooring line outer diameter [mm] 127
Mooring line wet mass density  [kg/m] 281
Mooring line dry mass density  [kg/m] 3229
Mooring line extensional stiffness [kN] 1,377,000
Chain Mooring drag coefficient - 24
Unstreatched mooring line length [m] 500
Arc length to touch down [m] 130
Clump mass density [kgl 6,000
Clump starting point from fairlead  [m] 130
Number of clump per line [ea] 10
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Table 3 Environmental Conditions AFAY AE 5 A3 Hl (Steady-state) & #hollAl & M52 ¢l
Ttem Unit Value Hal & 5 vk shAIRE 47 o] FHEHT] F shte] TRl
Water depth (] 20 Jf—iaol Hd:i}:} %Aio;aa o : ?ﬁiﬁi o 741?2 9] i’b%
Significant wave height [m] 5.93 SHE 21780 t.ﬂ- AR siHe T Sls 2 1}_"
Peak wave period [sec] 10.81 E)\ ]?} & AT Figl o vehd 281 SR 97
HA74E de2 A =4ste] YA (Nacelle)ol| 2H838h=
Peak parameter - 22 g gojme QA HhA FY 5 WAL, ol
Current at sea surface [m/s] 175 we FUEe A% st 9 ARl A wste Ageld
Wind velocity at hub height (67.5m) [m/s] 13 =g
Turbulence model - Kaimal Fig. 404 Hol& vie} o] 21 FeEdbx ] o] @il 92z
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T2 A (Peak-enhancement factor) 225 483+ JONSWAP
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Table 4 Platform motion statistics
Normal Failure Error
Mode
Maximum  Minimum Mean SID Maximum  Minimum Mean STD [%]
Surge [m] 20.68 16.13 17.59 0.68 2047 15.90 17.33 0.68 -1.46
Sway [m] 0.04 -0.08 -0.02 0.02 0.03 -0.10 -0.04 0.02 95.22
Heave [m] 0.35 -1.18 -041 0.26 0.36 -1.16 -040 0.26 -3.08
Roll [deg] 0.03 0.00 0.01 0.00 0.03 0.00 0.01 0.00 35.45
Pitch [deg] 0.73 -1.62 -041 0.35 0.70 -1.66 -043 0.35 6.10
Yaw [deg] 0.66 -0.64 0.06 0.22 1.30 0.29 0.70 0.21 1021.34
Table 5 Power output statistics
Normal Failure Error
Turbine o
Maximum  Minimum Mean SID Maximum  Minimum Mean SID [%]
#1 [kW] 2156.00 1077.00 1988.76 129.17 2154.00 1076.00 1988.53 129.40 -0.01
#2 kW] 2166.00 1081.00 1987.59 130.65 -95.95 -382.40 -258.74 56.97 -113.02
#3 [kW] 2198.00 1012.00 1958.80 174.12 2196.00 1008.00 1958.05 175.26 -0.04
#4 kW] 2185.00 1038.00 1961.69 168.79 2184.00 1045.00 1962.09 167.65 0.02
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Table 6 Mooring line top tension statistics
) Normal Failure Error
Line Maximum  Minimum Mean STD Maximum  Minimum Mean STD [%]
#1 [kN] 319.62 286.18 305.31 472 317.96 284.53 303.66 473 -0.54
#2 [kN] 259.74 229.30 247.21 4.32 262.76 231.92 250.60 448 1.37
#3 [kN] 259.69 230.01 246.59 429 259.53 229.59 246.51 432 -0.03
#4 [kN] 318.67 285.13 305.40 4.67 323.40 29141 310.61 4.79 1.70
#5 [KN] 1902.22 1200.91 1448.99 104.46 1786.49 1129.74 1349.81 93.72 -6.85
#6 [kN] 5733.32 3394.53 4089.29 335.45 5785.73 342293 4134.30 342.83 1.10
#7 [kN] 5758.61 3429.57 4068.48 334.32 5407.07 3244.84 3797.94 303.85 -6.65
#8 [kN] 1978.79 1230.33 1471.78 104.03 2036.58 1256.87 1506.96 108.59 2.39
3. 4 =2 He 5% e dRAE SOl Ui 43A velHE
ggate] Iy Fewdsle] Ais o 549 ulet o
2 =RolAE MUFOWT®] Bl 39 ate] gkl et °IHIS UHITE Fuxos §io 932 1dd e
o zAEIQOM, T gAY B Ao ZRE AR B TIL T dE Aotk £ AvAI= FF ol ddE=
dHel g4 T AGY LESTe oy st TFUE Felel MUFOWTS] &5 8% 2 49 5 sjalo) #
FASTE 843t Thee] Feiavl7l 54 A H=e gl 8T AR2 282 5 912 2o
i, FHE 9 AR As AdE 95tk CHARMBDE 2%
@ 53 Tz Rsie] 248t MUFOWTS] 45 S
T FRE A AR TE 96l F2e] T8} 91
S Hoz, shte] Fedsle] BAl wgshe] 2eje] W B A sjoRilie] SR UA AR OMWE
o] lod, ZHYEF AeFEs EHMES TANA AAAL  Fi 9963y AR Az AAVe DI
FYF ©F 39 AT 4Y So] etk olHF o Ao FY=Yon, ATH o] PA=YUL
Ads o] FEHLAZ7L gAE e S99 RES o
&3t AlEdol R, HA FEskEes 28 sie o References
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Two-Phase Approach to Optimal Weather Routing Using
Real-Time Adaptive A* Algorithm and Geometric Programming

Jinmo Park and Nakwan Kim

‘Department of Naval Architecture and Ocean Engineering, Research Institute of Marine Systems Engineering,
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KEY WORDS: A* algorithm A* %118]%F, Fuel saving AE547}, Geometric programming 71818} Z2 12§7, Realtime Adaptive A*
algorithm AA|ZF A* &112]E, Speed scheduling < 574| 2], Weather routing &3 =

ABSTRACT: This paper proposes a new approach for solving the weather routing problem by dividing it into two phases with the goal of fuel
saving. The problem is to decide two optimal variables: the heading angle and speed of the ship under several constraints. In the first phase, the
optimal route is obtained using the Real-Time Adaptive A* algorithm with a fixed ship speed. In other words, only the heading angle is decided.
The second phase is the speed scheduling phase. In this phase, the original problem, which is a nonlinear optimization problem, is converted into
a geometric programming problem. By solving this geometric programming problem, which is a convex optimization problem, we can obtain an
optimal speed scheduling solution very efficiently. A simple case of numerical simulation is conducted in order to validate the proposed method, and
the results show that the proposed method can save fuel compared to a constant engine output voyage and constant speed voyage.

1. M B A Al M HzHske] A0t W 4 duks ©idel itk

HAYE =2 A9 B4 dF He A &4 sk

#2340 Ulsk BAje} Aute] ddgn Bz Muke] o wAE E 0} | 918t Hinnethal and Clauss (2010)2 473+&

222 g AEN AR AF AL Bio] ojfo} Am L7 RS =USe] 84 Wste] AN AHPRE =33

Atk olE 9Iste] Auke] A A Lxmo) 60% Hme] & AT SN of P Yledns $EI M Aoln,

T2 ALeqS AL A BRe o ztan R HOJEMO|AE HlgoR 3 Atto] o] folxof stnw
= o] Fof A3l UTHHe-ping, 2007). %2

i

e So] vl = IR ZZ9 Ak ARte] Bol 7']an @io] At 1R
AL ozl dg AHE A W A7~ HiE BAS 9 34 HgkE Wgshe A0 98 AR SHA HZskE
& wEo] shE =0l NS AA Hao dam Zdx @ IEE ESS] fEAE &S 3'&75‘ A H7L vk = ARE B9
A =25h7] 9at A= Ao Bak Atelth o|9} Telate] Ol WEF HAE AR vjel] Aldte] Zhedk el dasith &

obuE]Z W R B3 ATR 339 B4 Zaague o]  mwolAE SR At AR w2 AR AR HHIE

gate] Aule] el Ams WA AAYY Aes £z g Fokl BT £ AN AS A AnelEH V15 =
I o
1

AT-9KShao et al, 2012), +HE FANHE o] g3te] 7] E9 ARE v ANYR =5 WS A Ik A
JEE 7o) AR gaelA ol M (Rho, 2013) Eo] 9 o] e Az ofTE 2 "oy, ¢ Ao duke &
o} sHA oA BAA A HAHsle] mae] glom, 5 Bok= HF sl&ARe] A Zzte] Aol 7)1 EIE AE T
AMW S Edl da|Ze o3t ShAAo] BAE R °L9,k°_i A HHREE Ydshs A Boe SdEAAE A dulolE

Received 4 November 2014, revised 3 June 2015, accepted 22 June 2015
Corresponding author Nakwan Kim: +82-2-880-7293, nwkim@snu.ac.kr
(© 2015, The Korean Society of Ocean Engineers

263



A EA& olopr] sl v AollMe s Al o7k A
A7 ARt s FafollA

(
-

P

2

&)

py
=

2

oot

N

2. EN12| Ao
HHgre BAlo M sldaAo] ANz therslA Wsts)
o 74 ARE ATIHE )BolA FolAE Hust Aol
7] 2ol ghuig HAE o) = FRE =2 3}
o] ojgch 1 nE S4 o] ulolE == 7k Ak
ulth g4 AALRE =251 Zlo] aHh =3 7}
M4 with AR g dSojuiol 317] wEo| o] 9]a A
3 AdwelZo] 2 o] QTHEL. o] ) FolxE s} B
FAIZE 24 Adbke] whazta) &% T owss AR
Ae] 2] thewt o] Aol B 4 ok

ol

1

~

N

r
d
p > py

(- )

Ak
2

al

N

[e]
it

132,

~

min (7, 5) = S A&V, )+ 8o Vo s,

subject to
" d

e T

=l Vi1

V'min < I/;—I,i < Vmax

ﬂmin < i-1i < ﬁmax

A7V VoS -1 A =59
E, gV @9 A83 9=
A HelHE B3l & T AUrk AubAH oz o] ghe Lo o
g olakd FEE ®Ho] TFe stk guw (Vi Bi) B F=
Vg A8 219k s debgolse] dg By &S 53

A AR AlF 212 F Fol AlREo] Al AZE 1ol @l
=zpsloF g ovstn, F WA Alf 22 Adutel &
5= 3 Al iR =de Adure] wel Aok 23E yE

|

Ax)o A HH AEl7ER] 9] 4=
AW Z

® gk o] Wie) Ae

B

pr

Wit} o] EA1E siAasty] f17k 71A Q) ofolyol= Y= Fig.
12 A9 & Aok w AR AR mig gHolE He

e
_,|  Weather Update
(Every 6 hours)
Phasel :Generate Real Time
Optimal Route with [+ A* search
Fixed Speed algorithm
r
Phase2 :Speed
| | Scheduling in the Geometric
Generated Optimal Programming
Route in Phasel.

Fig. 1 Flow Chart of Proposed Idea
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Aukge AslalE o]83tEE 3tk (Townsin and Kwon,
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Table 1 « Value

Fn

N 010 015 020 025 030
0.60(Normal) - 154 126 1 0.56
0.65(Normal) - 181 136 1 042
0.70(Normal) - 208 152 1 0.38
0.75(Normal) ~ 1.42 1 069 037 -
0.80(Normal) ~ 1.48 1 057 025 -
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Table 2 p Value

Angle u value
30~60(deg) 2u = 1.7-0.03(BN - 4)*
60~150(deg) 2u = 09-0.06(BN - 6)°
150~180(deg) 2u = 04-0.03(BN -8)°
0~30(deg) 21 = 0.4-0.03(BN -8)°
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A A AN E A8 ARFS 7FoR
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SaeFe 71EAel Fa T 2k
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A* 4 12]E(Russell et al,, 1995) A 23} Jg= AT
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4.2 Real-Time Adaptive A* 2112|&
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Table 3 Nondimensionalized Principal Dimension of Subject Ship

Item Value

B/ Lep 0.1342

D/Lgp 0.0812

T/ Lgp 0.0403

Block coefficient (at designed draught) 0.691
Block coefficient (at scantling draught) 0.721
Midship coefficient 0.972

YV /Ly’ 0.0036
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Optimized Route

Great Circle

Fig. 2 Optimized Route Vs. Great Circle
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Table 4 Comparison on Number of Node Expansion & Searching Time

Initial search Searching time [sec] Second search Searching time [sec]
RTAA* algorithm 1389/3977 204.1 1017/3936 1544
A* algorithm 1389/3977 2041 1165/3936 182.3
Dijkstra algorithm 3475/3977 659.3 3263/3936 587.7

Table 5 Comparison on Fuel Consumption

ETA [hour] Distance traveled [km] Fuel consumption [ton] Ratio [%]
Speed scheduling 192.0 8510 859.6 91.6
Constant engine Output 1914 8510 889.3 94.8
Constant speed 189.5 8510 895.4 95.4
Great circle with Constant speed 194.7 8223 938.5 100
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, Wave exciting force 3 72418, Adaptive control

ABSTRACT: A submerged body moving near the free surface needs to maintain its attitude and position to accomplish missions. It is necessary
to validate the performance of a designed controller before a sea trial. The hydrodynamic coefficients of maneuvering are generally obtained by
experiments or computational fluid dynamics, but these coefficients have uncertainty. Environmental loads such as the wave exciting force and
suction force act on the submerged body when it moves near the free surface. Thus, a controller for the submerged body should be robust to
parameter uncertainty and environmental loads. In this paper, the six-degree-of-freedom equations of motions for the submerged body are
constructed. The suction force is calculated using the double Rankine body method. An adaptive control method based on an artificial neural
network and proportional-integral-derivative control are used for the depth controller. Simulations are performed under various depth and speed

conditions, and the results show the effectiveness of the designed controller.
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Table 1 Computed wind and current forces on buoy models

Wind Current
Buoy Force Center Force Center
[Kgf] [m] [Kgf] [m]
LL-26(M) 5.714 0.588 5.508 0.536
LL-30 6.587 0.682 6.450 0.608
1535 3.796 0.395 4131 0.159

LNBY-100 2.563 0.516 2.729 0.140

& (Table2 IO = A4, I7|5H = 71E5e A= 2H4)

& (Table e AU 83 Belalx] 2o AT ol Aol o]olA] 4]

nEo) Hrhy 4 7125t AHEFE AFFRY F5HF AT} F =) ek Zl0] Qi
Holth, % £5< AFFa, 43158, FFa] AvhgkMaximum value) Tse] Fig. 1o] ST - ()



o

=3 &3] A A00d A0=, pp 0-0, 0000 0 / ISSN(print) 1225-0767 / ISSN(online) 2287-6715)

{—e— Wave + Current
—hB—w Current + Wind
o 0 ‘ —— W Current + Wind + Drift
1 1 1‘.5 ; 25
H (m) H (m)
(@) LL-26(M) (b) LL-30

Fig. 1 Maximum height of tension forces acting on the mooring line at buoy
=g ez A4

& (Figure:= AW 83 Bejshx] 2o A3 & Aujgo] ololA 4]

5 2

rft

B =EodMe Z@APNA Fie] TR AEd A ARt AEe Ao, R AR Ads st
of SRt T O|2HE T AES de 3Tk

D =74, 9 % AFEFY 2 e 5, ofde= - (F=D FAE =+ dok

(2) LNBY-100< #lejstare AdAISE A1 gzzde] ztol7h 714 #3xe] $98H4 75& 457 A 94k Al

A= ) BFrkshs el Atk

= 7

B A7 il @usEd(®el Ador E A7Adn T dFYES e, A7l A A=Y
Ytk
FaEd

All references should be listed at the end of the manuscripts, arranged in English Alphabet order. The exemplary
form of listed references is as follows :

D Single author : (Kim, 1998)

2) Two authors: (Kim and Lee, 2000)

3) Three or more authors: (Kim et al., 1997)

4) Two or more paper: (Lee, 1995; Ryu et al., 1998)



8l 4F3-8k3] 2] Al00 A0E, pp 0-0, 00001 0 / ISSN(print) 1225-0767 / ISSN(online) 2287-6715)

References, including those pending publications in well-known journals or pertaining to private communications,
not readily available to referees and readers will not be acceptable if the understanding of any part of any part of
the submitted paper is dependent upon them. Single or two authors can be referred in the text; three or more

authors should be shortened to the last name of the first author, like smith et al.

(D Write the reference in order of English alphabet la,b,c:+-| (FHdEAlE Ho Lapdl )
@ Do not drop all of authors involved. (FHHAAZHF AAPH)= wheg]x] D3 25 7))
@ Refer to below examples (e}2]e] dJAS =)

@ Journal names should not be abbreviated.

(example for proceedings) =

Aoki, S., Liu, H., Sawaragi, T., 1994. Wave Transformation and Wave Forces on Submerged Vertical Membrane.
Proceedings of International Symposium Waves - Physical and Numerical Modeling, Vancouver Canada, 1287-1296.
(example for journals) =

Cho, LH., Kim, M.H., 1998. Interactions of a Horizontal Flexible Membrane with Oblique Waves. Journal of Fluid
Mechanics, 356(4), 139-161.
(example for books) =

Schlichting, H., 1968. Boundary Layer Theory. 6™ Edition, McGraw-Hill, New York.
(example for websites) =

International Association of Classification Societies (IACS), 2010a. Common Structural Rules for Bulk Carriers. [Online]
(Updated July 2010) Available at: <http://www.iacs-data.org.uk/> [Accessed August 2010]. < web document

Anglia  Ruskin  University, = 2001.  Anglia  Ruskin = University — Library.  [Online]  Available at:
<http://libweb.anglia.ac.uk/referencing/harvard.htm> [Accessed 12 Dec. 2012]. < website

FREAe duielo] A2 4 gl Balolojof WelE Sol AZIYRIAE 91%59le] Agto] Brhsstnz Fa g
Hol @ & ¢,
&

1 2E e TS(Ver. 20050173} MS Word(Ver. 2003¢]’H= 24
2. 9119] doje FEH} JEoZ 34 (FlE doj= AHETD
3



General Information for Authors

Requirement for Membership
One of the authors who submits a paper or papers should be member
of KSOE, except a case that editorial board provides special admission

of submission.

Publication type

Manuscript is made up of scholarly monographs, technical reports and
data. The paper should have not been submitted to other academic journal.
Conference papers, research reports, dissertations and review articles can
be submitted to JOET. When part or whole of a paper was already
published to conference papers, research reports, dissertations, and review
articles, then corresponding author should note it clearly in the manuscript.
After published to JOET, the copyright of manuscript belongs to KSOE.
(example) It is noted that this paper is revised edition based on proceedings
of KAOST 2010 in Jeju.

Manuscript submission

Manuscript should be submitted through the on-line manuscript website
(http://www joet.org). The date that corresponding author submits a paper
through on-line website is official date of submission. Other correspondences
can be sent by an email to the Editor in Chief, Prof. Yun-Hae Kim,
Division of Mechanical & Materials Engineering, Korea Maritime
University, 1 Dongsam-dong, Youngdo-ku, Busan 606-791, Korea (Tel:
+82 51 410 4355, Fax: +82 51 410 4350, e-mail: yunheak@kmou.ac.kr).
The manuscript must be accompanied by a signed statement that it has
been neither published nor currently submitted for publication elsewhere.
The manuscript should be written in English or Korean and a minimum
standard of the proficiency in the English or Korean language should
be met before submission to the editorial office.

Ensure that online submission or submission by e-mail text files are in
a standard word processing format (Hangul or MS Word are preferred).
Ensure that graphics are high-resolution. Be sure all necessary files have
been uploaded/attached.

Submission checklist
See ‘Authors' checklist’ for details.

Research and Publication Ethics

Authorship of the paper

Authorship should be limited to those who have made a significant
contribution to the conception, design, execution, or interpretation of the
reported study. All those who have made significant contributions should
be listed as co-authors. Where there are others who have participated
in certain substantive aspects of the research project, they should be
acknowledged or listed as contributors.

The corresponding author should ensure that all appropriate co-authors
and no inappropriate co-authors are included on the paper, and that all
co-authors have seen and approved the final version of the paper and
have agreed to its submission for publication.

Hazards and human or animal subjects

If the work involves chemicals, procedures or equipment that have any
unusual hazards inherent in their use, the author must clearly identify
these in the manuscript. If the work involves the use of animal or human
subjects, the author should ensure that the manuscript contains a statement
that all procedures were performed in compliance with relevant laws and
institutional guidelines and that the appropriate institutional committee(s)
has approved them. Authors should include a statement in the manuscript
that informed consent was obtained for experimentation with human
subjects. The privacy rights of human subjects must always be observed.

Fundamental errors in published works

When an author discovers a significant error or inaccuracy in his/her own
published work, it is the author’s obligation to promptly notify the journal
editor or publisher and cooperate with the editor to retract or correct
the paper. If the editor or the publisher learns from a third party that
a published work contains a significant error, it is the obligation of the
author to promptly retract or correct the paper or provide evidence to
the editor of the correctness of the original paper.

Atticle structure

Manuscript must consist of as follow : (1)Title, (2)Author’s name, (3)Key
word, (4)Abstract, (5)Nomenclature description, (6)Introduction, (7)Body
(analysis, test, results and discussion, (8)Conclusion, (9)Acknowledgements,
(10)Reference, (11)Appendix, etc.

Abstract

A concise and factual abstract is required. The abstract should state briefly
the purpose of the research, the principal results and major conclusions.
An abstract should be written in around 300 words and is often presented
separately from the article, so it must be able to stand alone. For this
reason, References should be avoided, but if essential, then cite the
author(s) and year(s). Also, non-standard or uncommon abbreviations
should be avoided, but if essential they must be defined at their first
mention in the abstract itself.

Keywords

Immediately after the abstract, provide a maximum of 5 or 6 keywords.

Unit
Use the international system units(SI). If other units are mentioned, please
give their equivalent in SIL

Equations

All mathematical equations should be clearly printed/typed using well
accepted explanation. Superscripts and subscripts should be typed clearly
above or below the base line. Equation numbers should be given in Arabic
numerals enclosed in parentheses on the right-hand margin. They should
be cited in the text as, for example, Eq. (1), or Egs. (1)-(3).

Tables

Tables should be numbered consecutively with Arabic numerals. Each



table should be typed on a separate sheet of paper and be fully titled.
AII tables should be referred to in the text.

Figures

All the illustrations should be of high quality meeting with the publishing
requirement with legible symbols and legends. In preparing the
illustrations, authors should consider a size reduction during the printing
process to have acceptable line clarity and character sizes. All figures
should have captions which should be supplied on a separate sheet. They
should be referred to in the text as, for example, Fig. 1, or Figs. 1-3.

Reference
All references should be listed at the end of the manuscripts, arranged
in order. The exemplary form of listed references is as follows :

1) Single author : (Kim, 1998)

2 )Two authors: (Kim and Lee, 2000)

3) Three or more authors: (Kim et al., 1997)

4) Two or more paper: (Lee, 1995; Ryu et al., 1998)
References, including those pending publications in well-known journals
or pertaining to private communications, not readily available to referees
and readers will not be acceptable if the understanding of any part of
any part of the submitted paper is dependent upon them. Single or two
authors can be referred in the text; three or more authors should be
shortened to the last name of the first author, like smith et al.

Examples:

Reference to a journal publication:

Cho, LH. and Kim, M.H., 1998. Interactions of a Horizontal Flexible
Membrane with Oblique Waves. Journal of Fluid Mechanics, 356(4),
139-161.

Van der Geer, J., Hanraads, J.A.J., and Lupton, R.A., 2010. The Art of
Writing a Scientific Article. Journal of Science Communcation. 163,
51-59.

Reference to a book:

Strunk, W. and White, E.B., 2000. The Elements of Style,
4“‘Edition,Longman,NewYork.

Schlichting, H., 1968. Boundary Layer Theory. 6th Edition, McGraw-Hill,
New York.

Reference to a proceeding:

Aoki, S., Liu, H. and Sawaragi, T., 1994. Wave Transformation and Wave
Forces on Submerged Vertical Membrane. Proceedings of International
Symposium Waves - Physical and Numerical Modeling, Vancouver
Canada, 1287-1296.

Reference to a website:

International Association of Classification Societies (IACS), 2010a.
Common Structural Rules for Bulk Carriers. [Online] (Updated July 2010)
Available at: http://www.iacs-data.org.uk/ [Accessed August 2010].

Journal abbreviations
Journal names should not be abbreviated.

Revised manuscripts

Manuscripts reviewed that require revision should be revised and uploaded
with a response to the reviewer's comment at JOET editorial manger
within two months. Otherwise, the manuscript will be considered as a

new manuscript when and if it is resubmitted.

Proofs and reprints

Galley proofs will be provided as a PDF file to the author with reprint
order and copyright transfer form. The author should return the corrected
galley proofs within a week with the signed reprint order and copyright
transfer form. Attention of the authors is directed to the instructions which
accompany the proof, especially the requirement that all corrections,
revisions, and additions be entered on the proofs and not on the
manuscripts. Proofs should be carefully checked and returned to the JOET
editorial office by e-mail if the changes are minimal. If the changes are
extensive, proofs should be returned by fax only. Substantial changes
in an article at this stage may be made at the author's expense. The reprint
request form must be returned with the proof. Reprints should be made
at the author's expense.

Peer review

Every manuscript received is circulated to three peer reviewers. The
author's name and affiliation is not disclosed during review process to
reviewers. The review process can be repeated till three times if the request
of revision is suggested by reviewers. If the re-review is repeated more
than three times, it may not be considered for publication. If two reviewers
do not agree to accept the journal, it may not be also considered for
publication. Usually the first review process ends within one month.
Statistical Review: If there are any complicated statistical analyses in the
manuscript, it may be reviewed by statistical editor.

Manuscript Editing: The finally accepted manuscript will be reviewed
by manuscript editor for the consistency of the format and the
completeness of references. The manuscript may be revised according
to the opinion of the manuscript editor.

Page charge

The charge per a paper for the publication is 150,000KRW(Express review
service : 300,000KRW) up to 6 pages. Extra rate, 30,000KRW per page,
will be charged for more than 6 pages. Page charge include forty copies
of offprints. Offprints in color pages or extra copies of offprints will
require actual expenses. The charge per a paper for the paper review
is 40,000KRW. Rate for the express review service is 240,000KRW.

Editing checklist
See ‘Authors' checklist’ for details.

Transfer of copyright
Transfer of copyright can be found in submission hompage
(http://www joet.org).



Authors’ ChecKklist

The following list will be useful during the final checking of an article prior to sending it to the journal for review.
Please submit this checklist to the KSOE when you submit your article.

< Editing checklist >

I checked my manuscript has been ‘spell-checked’ and ‘grammar-checked’.
Lho| o] oek W BEA R7b QX Selstgy

One author has been designated as the corresponding author with contact details such as
- E-mail address
- Phone numbers

A2 Syo] AR TAARZ AFEgon, theel detzt mrE ey

I checked abstract 1) stated briefly the purpose of the research, the principal results and major conclusions, 2)
was written in around 300 words, and 3) did not contain references (but if essential, then cite the author(s) and

O year(s)).

L 20| 1) 2 skl 979 B, o An 0 AR TUSHT Y-S SISO, 2) 30050] vhe)o]
Hol2 PAH S-S SAsHEOn, 3) FNLEALS ESH A 3L IS (F Do P

o A 7).

I provided 5 or 6 keywords.
U s67le) A1YES AMgsl AT

I checked manuscript consisted of as follow: 1) Title, 2) Author’s name, 3) Key word, 4) Abstract, 5) Nomenclature

description, 6) Introduction, 7) Body (analysis, test, results and discussion), 8) Conclusion, 9) Acknowledgements,
[ 10) Reference, 11) Appendix, etc.

U 937 50 A2 FEUSS SlstdsyTh ) Al 2) A3, 3) 7HE, 4) 25,5 7=,

6) A&, 7) & (314, A9, 23 AE), 8) 48, 9) FII(AAD, 10) XLJ_’—E”* 1) 75, &

I checked color figures were clearly marked as being intended for color reproduction on the Web and in print,
or to be reproduced in color on the Web and in black-and-white in print.

5 g me ) a9e] 28 Yo) Ei deiE S AsjEe] 2 e 4 QS AuE 198 A8e]
&2 selsta gy

0O I checked all table and figure captions were written in English.
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0 I checked all table and figure numbered consecutively in accordance with their appearance in the text.
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I checked that references were in the correct format for the journal (See ‘Guide for Authors’ for details).
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the written consent of the copyright-holder.
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Research and Publication Ethics

Authorship of the paper

Authorship should be limited to those who have made a significant contribution to the conception, design, execution,
or interpretation of the reported study. All those who have made significant contributions should be listed as co-authors.
Where there are others who have participated in certain substantive aspects of the research project, they should be
acknowledged or listed as contributors.

The corresponding author should ensure that all appropriate co-authors and no inappropriate co-authors are included on
the paper, and that all co-authors have seen and approved the final version of the paper and have agreed to its

submission for publication.

Hazards and human or animal subjects

If the work involves chemicals, procedures or equipment that have any unusual hazards inherent in their use, the author
must clearly identify these in the manuscript. If the work involves the use of animal or human subjects, the author
should ensure that the manuscript contains a statement that all procedures were performed in compliance with relevant
laws and institutional guidelines and that the appropriate institutional committee(s) has approved them. Authors should
include a statement in the manuscript that informed consent was obtained for experimentation with human subjects. The

privacy rights of human subjects must always be observed.

Fundamental errors in published works

When an author discovers a significant error or inaccuracy in his/her own published work, it is the author’s obligation
to promptly notify the journal editor or publisher and cooperate with the editor to retract or correct the paper. If the
editor or the publisher learns from a third party that a published work contains a significant error, it is the obligation
of the author to promptly retract or correct the paper or provide evidence to the editor of the correctness of the original

paper.

Ethical Codes of Research

for The Korean Society of Ocean Engineers [1, Nov. 2008 amended]

All members of The Korean Society of Ocean Engineers, by observing the following codes of conduct and regulations
regarding research in the field, will contribute to the development of ocean engineering and the security and prosperity
of the society and the nation, thus holding our honesty, reputation and authority in the highest standards.

A. Foundational Spirit
1. We make a contribution to mutual prosperity of mankind through ocean development, using the knowledge and
technique in the field of ocean engineering.
2. We contribute to fostering the good spirit of citizenship by conducting responsible research.

3. We make efforts to enhance our authority and competitiveness as experts in ocean engineering.

B. Fundamental Canons
1. We consider the public security and welfare as a top priority and conform to the principle of sustainable use of
ocean in conducting our research.
2. We promote professional development through performing proper research and provide young researchers with the
opportunities to develop professionally.



3. We respect the public values such as honesty, accuracy, efficiency and objectivity in offering services such as
providing expertise or disclosing research results.

4. We do not have unfair competitions with others and solve problems with objective information and processes
when there is a clash of interests.

5. We raise common issues only through objective and fair methods.

C. Practical Platforms
1. We consider the public security and welfare as a top priority and conform to the principle of sustainable use of
ocean in conducting our research.

(a) We must acknowledge the fact that the life, security, health and welfare of the public have an absolute
reliance over our products such as structures, equipments and machines that are given thought to and made
into decision by engineers.

(b) We must not propose or approve research plans which cause harm to the public health and welfare.

(c) We must conform to the principle of sustainable use of ocean to enhance the quality of the public life and
endeavor to improve the ocean environment.

2. We promote professional development through performing proper research and provide young researchers with the

opportunities to develop professionally.

(a) As we build our career, we must continue to acquire new knowledge and promote intellectual development
by keeping track of research results, organizing research methods and raising necessary issues voluntarily.

(b) We must be thoroughly honest to the contributions from cooperators, competitors and predecessors and utilize
them for our professional development.

(c) We, as administrators, must supervise young researchers in a fair manner and, as their advisors, must assist
them sincerely to grow into socially recognized members.

3. We respect the public values such as honesty, accuracy, efficiency and objectivity in offering services such as
providing expertise or disclosing research results.

(a) When we offer service under our responsibility that involves providing professional knowledge, we must act
according to professionalism as a commissioner, trying to prevent waste of resources and reporting objective
facts, trustworthy data and accurate research results.

(b) We prohibit any fraudulent acts in conducting research such as fabrications, forgeries and plagiarism.

(c) We must admit our mistakes or errors when they are verified and must not try to justify them by distorting
facts or data.

4. We do not have unfair competitions with others and solve problems with objective information and processes
when there is a clash of interests.

(a) We must not distort the professional, academical qualifications of ourselves and coworkers. We must not
fabricate or exaggerate our positions or authorities of the past achievements.

(b) Our papers must contain facts and no exaggeration that are contributed to media sources. When publishing
a paper or a report which involves multiple researchers, we must allocate authors based on their levels of
contributions and mention every person and institution that is concerned and provided assistance.

(¢) We must not criticise others' achievements in an irresponsible manner by intentionally distorting their
professional reputation, prospects and character in both direct and indirect ways.

(d) When a clash of interests occur, we must organize a committee composed of authoritative experts in the field
and fairly solve the problem based on objective facts and data.

5. We raise common issues only through objective and fair methods.

(a) We must be thoroughly objective and honest when submitting expert reports or policy proposals and include
relevant, sufficient and appropriate information.



(b) When addressing public issues through open debates or forums, we must provide opinions based on objective
facts and data and must not cause harm to the public interest by making groundless argument or being
involved in private interests with others.

(c) We must be honest when explaining our business and its advantages, and must not try to meet our interests
by damaging professional honor and coordination with coworkers.

6. All members of The Korean Society of Ocean Engineers must abide by the ethical codes of research stated

above.

. The Scope of Manuscript
L.

Manuscripts include papers, technical reports and commentaries, and papers must be the ones that are not released
in other journals.

. “Journals” are the ones that have an appropriate screening of submitted theses and that are published on a regular
basis.
. All manuscripts other than the ones stated in the previous clause can be submitted such as conference papers,

research reports, diploma papers and academic articles, provided that their sources are stated according to the 3rd
clause of The Regulations on Paper Submission in The Journal of the Korean Society of Ocean Engineers.

. The Definitions and Types of Fraudulent Acts in Research

1.

“Fraudulent acts in research” include all affairs that violates ethical codes of research: fabrications, forgeries,
plagiarism, overlapping publications and unfair marking of writers which may occur in every phase of research
process, such as in a proposal, conducting, a report or presentation of research results.

. “Fabrication and forgeries” refers to an act of distorting the content or outcome of research by making up false

data or results.

. “Plagiarism” refers to an act of unfairly employing all research results, such as others' publications, research

proposals, ideas, hypotheses and theories, without a fair approval or quotation.

. “Overlapping publications” refers to two writings published in different media sources that are totally identical in

their contents or share the major contents. It is also the case of overlapping publication where the paper published
later contains a slightly different viewpoint, yet contains the same or slightly different analysis on the same data
from the previous paper.

. “Unfair marking of writers” refers to an act of unfairly gaining reputation by pretending to be a real author of

a paper without any participation in research.

. Fraudulent acts also include a behavior of intentionally disturbing investigations regarding assumed misconducts

in research or inflicting an injury on an informant.

. “Other fraudulent acts in research” refers to all affairs that are generally accepted as the violations to ethical

codes of research in the academia.

. Screening System, Processing Criteria and Procedure

L.

Screening System

(a) Authors must submit a “consent form of delegation of copyright” which necessitates an author's confirmation
on any violations to ethical codes of research.

(b) When inspectors raise question on any violations to ethical codes of research, The Committee of Ethical
Codes of Research determines its/their compliance to the regulations after examining all materials concerned
and giving the contributor a chance to defend him/herself.

(c) When any violations to ethical codes of research are found while screening or editing (after the insertion of
a paper in an academic magazine), The Committee of Ethical Codes of Research determines its/their
compliance to the regulations after giving the contributor a chance to defend him/herself.

(d) When any violations to ethical codes of research are called into question after a paper is published, The
Committee of Ethical Codes of Research determines its/their compliance to the regulations after giving the



contributor a chance to defend him/herself.
2. Processing Criteria
(a) All processing criteria regarding fraudulent acts in research follow the regulations and detailed rules for
operation of The Committee of Ethical Codes of Research of this society.

3. Processing Procedure
(a) When any affair is determined as a violation to the ethical codes of research in the phase of submission or
screening, The Editing Commission should report it to The Committee of Ethical Codes of Research.
(b) When any affair is determined as a violation to the ethical codes of research after the insertions of a paper
in an academic magazine, The Committee of Ethical Codes of Research should immediately cancel its
publication and notify the cancellation to the author/s

G. Ethical codes of Editing
1. The editor must a strong sense of ethics regarding the codes of conduct in research and in publication. Also,
he/she must not have any personal interests with others in the process of edition.
2. The editor must thoroughly keep security in all matters related to the contribution of manuscripts, screening and
publication.
3. The editor must be well-informed about the violations to ethical codes of research and make a neutral and
impersonal judgement when he/she found any violations.

Supplementary Provisions

1. Regulations stated above are enacted after 1 Nov. 2008. For the manuscripts contributed in academic magazines
before 1, Nov. 2008, the 3rd clause in “D” is not applied. Also, they are not interpreted as violations to the ethical
codes of research even if they did not stated their source in the journal of this society.

2. Also, for the papers applicable to the clause “D” or “E”, the writer/s can take measures such as “cancellation of a
paper” based on their judgement, or “rejection of screening” if the paper is under screening.

1, Nov. 2008

The Korean Society of Ocean Engineers
[31, May 2007 enacted]

[1, Nov. 2008 amended]
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